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ABSTRACT 


This study involved an investigation of the effect of student 
verbal participation upon achievement. Two groups of students were 
categorized, those who participated verbally and those who did not. 
Achievement was assessed on three levels representing the Knowledge 
aia Comprehension categories of the Taxonomy of Educational 
Objectives as the lower category and the remaining categories of the 
taxonomy as the higher category. The complete test comprised the 
composite category. 

ihé-major objectives of the study were’: 

1. Do non-participants benefit, as measured by an achievement 
test, from the verbal queries of the participants? 

2. The effect of guidance upon achievement, question fluency 
and their quality as categorized along Suchman question analysis. 

3. The possible relationship between either sociometric and/ 
or academiometric position in a class and verbal participation. 

4. Differences on the basis of reading ability and 
intelligence between participants and non-participants. 

The data were analyzed by the technique of multiple linear 
regression, adjusting final achievement scores on the basis of 
predictors, 

The following conclusions were drawn: 

1. Participants gained significantly more in the higher 


achievement category than did non-participants. 
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2. Treatment had a significant bearing upon achievement in the 
higher and composite categories. 

3. No apparent relationship was found between sociometric 
position and participation. Academiometric position and participation 
appeared to be highly dependent factors. 

4, Participants had a significantly higher 1.Q. and reading 
score than did non-participants. 

The investigation highlights the need for additional studies 
regarding student participation and, perhaps, studies which investigate 


the reasons leading to student participation. 


ACKNOWLEDGEMENTS 


The bound thesis is seldom, if ever, the result of one person's 
erioru, 

The writer wishes to acknowledge his gratitude for the 
constructive suggestions, for the assistance and support received from 
his thesis supervisor Dr. M. A. Nay. 

Grateful thanks are also extended to Dr. B. Rath for his 
assistance in the experimental design and statistical procedures, to 
Dr. J. O. Fritz for the many helpful sessions which the writer spent 
with him, to the encouragement given by Dr. D. W. R. Wilson and to 
Dr. H. Kass for her assistance in revisions. 

Thanks are also extended to Mr. R. Melnychuck of the Edmonton 
Public School Board for permission to conduct the testing program, and 
to the principals and teachers of the participating schools for their 
assistance. 

Finally, ore writer wishes to express his many thanks to his 
wife, Janice, for her support and patience, without which this report 


could not have been written. 


Akt 202 Prec 4a ie 
ag -aavuibaarte Iackany she me a 


sages: msn oils itsuy ersten | Uf 
ot bas voi AE i" 48 stat Wine os 6 ag Pe 13 
’ Ber. 3 4 4 
ote bens at 4 a tert 762 aun 


his (une pores dA3 tambon ow ikea ahead: 702 ‘bred . 
siods 10k wfeedoe Gabpeqivitaas alia “Ge wits bu a) 

‘ab 

wld of ‘thea venient vase * oosiaty rad ons ere 

itogss alia dobdy squids sdtiog Sing sso zit wr sotml ~sthw 


ue 


TABLE OF CONTENTS 


CHAPTER PAGE 


I e PROBLEM e e e e e e e e e e e e e e e e e e e e e e ‘a: 


LNGrOdUC ENON ee er ents. fe ee Re. he ie Ni Aa Se 8 He * 
SeACeMCMUCOLTr COO eCE Teeter tons! ear wer nen Mem rete” Py hy Me My 1 
Deir eeLoOnrtO pe Perot USO t. Yeo Ms les Ys Met Peetal ts fe! tents 2 
HV DOUM@S= est atietst ne. fen te ie (Bei, Melee Na: Ma Saha ste Sets Sar Ms 3 
SrOltimne si eMO ke "OCU Ys retest ts foo Msn Ne, felts Sa Meee Pati Me: Se > 
Limitations Seite cay Memes Wek aces wetsl ora rey wis | tas. nap ted tea We 7 


Tie REV LEWeOr eRe AED POLeERATURiG ws 6s sa) ss) et eos a 9 


LIPO OMGUC OIE setts Mites ce eten det tee! My. te ete inal “ee “a ata es 9 
SUCIMateCALeCOLTSS Mee et ct We. ts. "aie “a te we we ee 14 
Venere Catr Om suuGSe EBOMNGtN =, fos, ts te Ne “4, fe "s Sen os 15 
Pca te VOlnmUtiest LOS ethene Pattee tou tat Peo ts “slau Me 16 
ReSeanC ie TUGLES sree fete Mal war els Me Maul sl Me, te a Pe. a: hs 18 
CPassTroOmPrcilrer ac wLOlrteiteke ss Nolte l's161 "6 Ss. 76> 42 6s 26 
WeECOLG time UAC) ta he Bol ehte tees Sees), 6 Hse a 8 es Zi 


Areas oremtire “Matrix ©. ". “Bouks. Manta Sa Me. fe ees 0 Ms 28 


Play zion tier Mate ie Ise Soe 8s Mal te) Feel te. a a els 28 


Oe aetna BOLLS yetres met Weis Mat Reh ecta Vice. Gal ts) “uu tesl's: te 30 

SoC mrad ACaAGenLC: Wa tLIrotm gt Ve Men sos) fa. fer te. 4, os ok 

Oa e car ay Gown a Gl tig wesene te te he. fos nol Ma Tete ts fe. ee 32 

Bice ee vai ea Ween tet tele elias tect sil AN sts. els (toa 5: Bp Pe $36) 

Reet e eee CUE COE nite tar Gee ots re. ls Noche" Tees: sce oe ts si) 

III. SAMPLE, PROCEDURES USED AND FRAMEWORK FOR STUDY . . 39 


Pile OA MLeMEODUt aol Tet couse es oleureit ss a. tats ae) ete 39 


7 


one Hs 


os 


‘5 


EE ng, 


} a 


‘one 


CHAPTER PAGE 
PEM ecdmEDUSOGCS ict ist were et lee en rete ce ate a aN a” fob aF og 39 

MestiieelNscr uUMemes: s) 6s) Gt se fener or er eect: otek ets 42 

Pocat mente TOCeCOUL es caret Gagvcr a anaren tam re eM stnet e' (ot! ea 45 

Description of Treatment Procedures.® .° ..-." . .' . 47 

Dracus tical Ga CMeiuyia: oo vlemict cy eter eo ist Ven cet ee Ata 48 

TAAL OS Cat ma op touh ow au vs t's) yeu Ccaber ie Nec Ca ttiet at Vietiae! 60 ys 48 

Homovened rey (OL eVaALAANCe. se) Melts rie its) ens eu tl ls 49 


(Gl pW Ya RE Wey Si a Serle ete eal yh Ceara le oy ed ns Neate 50 


Spearman Rho Rank Correlation Coefficient ..... 50 
Sleniitcance Cf opearman ethno. «s'est 51 
Multi ole Ines t “RECLeSSLONs 4 ss ie ue ee ie at a 
USemin es eSling suyPpOtheSES a. leu ls) fos cel fee 6 8 Dy 
Kolmogorov-Smirnov Two Sample Test. ........ 54 
LV; RESULLO, =ANALLOLO AND DISCUSSION) 7 se 2. Joa Sut ee. She, 
CisceqUtelere neces tert Bemic) elise | emtt , cose femur olae <e.- DS 
Hypocnestog. «Uti er + ecto eerie ae wth (e. cone Mal tit cee fe 4a 58 
HY DOL MES Sie lor lcs Meme por retmeue is. ter tec e eee eines) we) cay cal ae 62 
Hy poOLheGeors .O COml ace tee te mnt pee Mee rite er cure Ses 62 
Hy pOLHeSeS ts. Unt On sce Miny oY eof natadel.\f. be oes) ler ds 66 
Die etsslone Of HVpOUNeCSeS 2.0 LO) oS. 2) 'e. wctss Mel seis 66 
By MOL leod SactmUicl eileen. Uerisare tty of ot eee ie Veintet lsh (ew ae 69 
HAUT e Ton els Woke m Bes Wal I wy ie Mi Tapas, are Me Berm Oar 9 SRR ear rar arya (he 
Hemet eG ie. Hie memes Moilies! oe) Ue fo. es Gant ie wes Wet nce na a 79 
PENG NS Gi ak gat ae ec ag oer APon ck © “del eg ee rede dy alse 80 


DieclnsiOonseol Hypotheses. 4,0 “Cold, Secu, eke 8 | 


a 


vom | 
J f - : " i ; Py ; iy 7 A 
| “) é ni » " = 


# 1 Unie + 


amr) 


ht ary 


alias Sai 


CHAPTER 7 PAGE 


IY POUDESLauD sie” eireh sh sl act reme ene saab ate 88 | a 83 

Hy POCNES Ame cb cients as. Ssurat vob tea tee Me teas eee) sce l 87 

Me DOLNeGs Lament ee ror ase nls et Pa er Teen eel 6. Tels s: % 87 
Nesecussion.OL Hypotheses o\0NCO 1062 ae a ee ad es 91 
Mvpopneses .O-70eand 6. bo vic" (wre tet Geet by eee he! yee oT 
HUDOENCGTOM/ ML lanke) soe let seus 9s bad win) eats os 3) <s 94 
Discussion or Hypotheses 6.0, 16. land /. 8%. 6. 94 

Hy OO. ERC Sis OriO mere mies wer.) stale Neots ise sonal sehen teers te 96 

HY POCHEST GMOS yy aree cir sns: 0. NE Re) ee Pee Pe we. cote Sie 98 
Discussion of Hypotheses*S.0 and S.17... 5 2 LOT: 

VV. SUMMARY -<CONCLUSLONS SAND IMPLICATIONS 23... 4% Pi 
SRN AY te peter iee sc Meee sen we AST E ar ante) Hetce vel es os ok cer te? 
Conclusions oa FR ys 1) Sle ie es seo ee eae Eb 
Charaeteristics7O£f Students 7 a1. 6) «oe sot oe aS 
hestePerrormanCeGsS sis sei. ieee ase le. Beis cos “aes! 114 

OUESELON ANALVS1S saue nts cea es 6 fe ee, ss 116 
thiheuls Mevey es Roy ak gel apy peers Sra By ba boar a roves 6 Pmt One by 

GLOUDMDY Mam LC Same .n cote ers qs. hee sie Ve. a: els, te hen he By, 

GULdaAnC ey meee aas re eee riron tal bso e lice o bP rstet he a ey es 118 
BIBLIOGRAPHY : ta Sa Corts Mh Aaa een et ene ark ES ait ee a ei ae Ve JL: 


APPENDIX A. TWO SAMPLE LESSONS WITH SUCHMAN QUESTION 


CALE CORUZD DEON). ceria) \ arses) aie.) s Peo pao ck fay cel ane leeks 128 
APRENDIX BeawAGHLEVEMENT a PESES¢ skims with. Ueemes Serene yh. 6 0 35 
APPENDIX Gs ,,,SOGLOGRAM AND sAGADEMIOGRAM, « « 6 2 a52 2 © se 8 ew 8 143 


APPENDIX D. LINEAR REGRESSION WEIGHTS AD Re sd owe ae Meeacas cos 26 145 


a : <a ei ay ; ~ i 


ae 7 wae: 


¢ 
% 
. a 


TABLE 


ss 


ee 


Vs. 


A Tt Be 


Vib. 


1k 


Le 


le. 


2h EE ps 


LV 


LIST OF TABLES 


Mattix Areas with SuchmMan Categories G00. 2.4 4s) 4 
DESEO DUEL ONe Or POCUCENCS 008s eo Rs en he ee ee cu a | > 
Distribution of Students Used in Study’. 4.0. «~~. . .'. 
Means, Standard Deviations and t Tests for Treatment 
GEOR D Seki Rae hist “euler st ve. west ble sae ns Bee eee feos. 
Means, Standard Deviations and t Tests for Treatment 
CLOUDS Soka we ae acew esis 5) {+ Noe key. cefale sett coke: Gale) Jota) J's 
Contributions of Variables with Reading as Criterion 
Means, Standard Deviations and t Tests for Sociometric 
ANA aaG Cem alee a aeteee Jess ho “ohne ety Seqhiey (ab Mes 6% Xe 

Means, Standard Deviations and t Tests for 
ACACeCHIOMOUIL Cy DACA. ie wn tc hee sume) Gee) ie Uh fey eh et a Co Le 
Contributions of Variables with Composite Achievement 
DCOME Ba cwer LT LOT LON i siks gre revise 606 ats be 6 ks we Be ae) oc es 
Contributions of Variables with Higher Category 
ACiveveMment woCOre. as Cri re@mrOn mr vse se «oe ws 
Contributions of Variables with Lower Category 
AeVevenentrsocore aS CEUCeCTIOn ws. % + os 

Means, Standard Deviations and t Tests for Treatment A 
Contributions of Variables with Composite Achievement 
SPOT Oras Grater 1 Olas." esueces mela lime ya. a “5 snes os. cos 
Contributions of Variables with Higher Category 


Achievement Score as Criterion . 


41 


56 


By) 


63 


64 


67 


70 


71 


1 


74 


76 


jee 


e 


oP 


311 emeustash 4 JLaonie. ah wanes eV top tude i at 


> nai tnsmsest! 36% 2 


Q Pt 
4 sy 7 wae 
neitee el 20 


pare or. eaaal + ba. 


a | - * ‘ . . * s iy oP lee “Bndeduds ~ beot 


an, “4 


a +6 t 


a sj 
‘SALAD VB anata datw an 


la 


atti 


i or) as 
90% egeeT 9 Bae enn Rt v0 be suede “e 
ao git * ey Be i ; 


: 
er 


i o i ae ~ ’ 4 as 
i “ane iy cae we) vee ay bane #8 sx oe. 
i ay ah Ss le oe op : ¥ /% 7 


7 


e104 ane west obs v nie anak aia 50. | 
Dew oF ta ae eee Dae. oe 
’ eit * ne MDa ceca vo mg nar 
Sed sowed dnt: ee. N. Yona udks. 


ee ee ale a 5% 
i Ome A Ie oh \ 


ee A jt 


_— 
eT Ett! 


TABLE 


XVII. 


RV Ls 


2D Ge 


XX. 


EUS 


XXII. 


Do. EE 


PAGE 
Contributions of Variables with Lower Category 
Aehlevement score AS Criecerion.. bess s dss peek sis ess 78 
Pre-Enquiry Test as a Predictor of Post-Enquiry Test 
in Treatment A with Composite Achievement as 
CUO TAO a ciatnt sores ie oa cic le gis a tem Gn eae ies es wile ie 84 
Pre-Enquiry Test as a Predictor of Post-Enquiry Test 
in Treatment A with Higher Category Achievement as 
PcG EPR es We) a lie eS Mate Amale Pnm” e a me Pe EI Te ReCY Re ere ee Ra eee oa 85 
Pre-Enquiry Test,as-a Predictor of Post-Enquiry Test 
in Treatment A with Lower Category Achievement as 
CARTAN “lye Rea SAMS Ok een ean Ege ae ee 86 
Contributions of Variables in Treatment A with 
Composite Achievement Score as Criterion ....... 88 
Contributions of Variables in Treatment A with Higher 
Category Achievement Score as Criterion ....... 89 
Contributions of Variables in Treatment A with Lower 
Category Achievement Score as Criterion ....... 90 
Participation and Sociometric Pesition: Number of 
Persons Observed and (Expected) in Each Cell ..... 92 
Participation and Academiometric Position: Number of 
Persons Observed and (Expected) in Each Cell ..... 93 


Participation and Sex: Number of Persons Observed 


and (Expected) in Hach Cell 9. 204 se we eet we ee 95 


7 7 


est a) abra 20 ane id tue “Pa 


\ te a i* aN a at A 
3 at erteo fe {-aoF eT 2 sD. 
1% a We le hs Ae i. i 


" 8h , tasnpve nts 49: 
» | p gm ea i 
. * os hl me m * © mt <. 


tag? ys byprel tail to | 


™ 
~ Os ; Ki Ue ad Th 
en teemeve Hid 5 ‘tonaand, ; itgit yl 
y 7h ‘ot a on Z ; 
em. eys “oe os . 
“ a) a e . sn * y 
@ 3 a, 
eT esiypet- rao ‘30 "sos 31 
Le Cet) ie A 


i) ‘ da ; + 7 : 
es dysmevs MbHSA! wtOR oa. ae ‘ ‘Masinsie xy t " ‘ 


Pal - .e ~ os = ; wort 
f x : ; wae + vi U 

/' Gio A tremtea2rt at) esitdataey mp aol tudéxtpo 4 

7 bse) a in 


* . a 4 * « - ‘qpttest)s iol ‘ rea? Irs vs on as Sake 
‘eight Aliw A 1A ariaant sah tals Jeroev ¥0 aitubs di: 
ay eV eee a 
«=. * “Boe ml * « poksert39 an ‘Went aaeeesalhitae ve ED 
- Mil eC rie oe a Fre i 
swat dztw A on ina it aafviaay 40 asia si Hi aan 
ne 
OY wes an Pa pt sosind 60 sree toss ih seuss 
Wanna Vein Cileadie 
to adit _-tnekthad a ai a tyegl oe 


. ee. WW 4 nd ae ty st i 


CY | < @ 2 ¢ a .  Ated gat Gat tha: “at 
er eon ae sd a : 
ah ¥ Sra. ms bp oh Da et ni 
ci ee, td ee 4 A y : 
: pease, gt ee ays , 
' sao OL VSS vs \ ; yy9q0 " 2a On ® 


os 


i to seein in ineksiee’ 
as, 


TABLE 


XV. 


XXVI. 


AXVIT. 


AXVIII. 


2.0.4 


XXX. 


KAXT 


AXKI IL « 


Number, Proportion, Cumulative Proportion and Higeeenes 
Between Cumulative Proportions of Written Questions 
Classified Along Suchman Categories for Treatment C 
Number, Proportion and Cumulative Proportion of 
Classroom Enquiry Questions Classified Along Suchman 
Gategories for iIreatments.A, .B and..C..«iigiee .! <'. 
Absolute Values of Difference in Cumulative Proportions 
for Treatments A, B and C and Difference Required for 
Significance at 0.05 Level 

Number, Proportion and Cumulative Proportion of 
Classroom Enquiry Questions Classified Along Suchman 
Categories for I.Q. Equated Groups of Treatments A, 

Pe ic mG Mena ac ae «We MAE ale. cae x Myre p te Mater? sa de) se des vigils 
Absolute Values of Difference in Cumulative Proportions 
for I.Q. Equated Groups of Treatments A, B and C and 
Difference Required for Significance at 0.05 Level 
Number of Participants Observed and Expected 

Means, Standard Deviations and t Tests Testing for I.Q. 
Between Reduced Participant Groups A, B and C. 

I.Q., Reading and Sex as Predictor Variables with Post 
Enquiry Composite, Higher and Lower Achievement as 


Gist terra 


xi 


PAGE 


97 


oh, 


100 


101 


102 


LOS 


106 


i 
a 
% 


: ofan. 9 An 7 ee — ee 
ni bes ead create fb Faiinasd i 3 via mat wate 
an Ah a ee Ph ; ew § th ai a wis Va 7 ; a y 
Day erat seau aoa iia? wee ands or sia sui aed rf , 
ar a " a 
ae . * ‘snsawet saT ad 2 ee yes Sai | 
: a a i 
“Be aeben sane Sota Fen ra) Sina Si, ans! E 


sitita ‘a neat 
i mM, 7 


pinion pirol A bat nie egeD wie a ya a . 
et eee 


: ’ ey : s ae | ng any Sabon aut 5 2 ‘tittivoneai 
| ied a) i ie: ve. ear ae | 


arr sti 4eqoy4 ih a Tindal) ane ® at cael ae 


‘ - . ina ae fi as Jae ty ae j ; ; 
oo Ay | : 
fie Ata De ¢ anstan dak +4 , Et br eh haem 
4 at at ; : te De ea. ‘ 
‘ 4 # . » . ? ee o « « ey wt j aad orn nes vee 
aT ee REE t, rt 
to gwabiveqos ovitel fal t roger » “a ae 


n ay "4 7 
yitupr id wo 1488 
Rw OE i 

A gortemresyT 30 Revore hatened wfpel yo? Bor Toms 


nidoue goolA bgitieaniy : 


me a : 
a ye 
. « “« -© * . ~~» » © Froese ‘8 “hi ™ ¥ 1* re al 
Py ibe’ oi - | eh 
We . i) 
} 7 ‘ ” . 
eobizeqoy? avisetymuy as ANNO er ce 
1 . m a ~% Dh: 


hime Oboe AS Fespilt ort ‘he Beate i wveipt * 4 et 
ial | | 5 gE g Ans 


“4 


. y | See 20,0 4s Socks ate 40% brian ox ts es ; 7 
rr i~ a 


=e 
. 


; " ; y 
i o toe & Metoagnd bin pevsaéd 


Lf -_ 
mint set 3 
ag i - a = 
al bribes? oa sl 


Ol ee tab zee 29a ; ¥ vt ed 
eer sell at 

1 ea 9 Rie ’ é agente sneaks) 7 

1 Og a Se 
" ee ik 7 af bes i F 

| Se Ne en tet ani oi i i 7 8 . 

ons 50 ib Lares na Hi ee | 
a ths 1 mais _ 2 Pi oe ‘s. . af a te a0) aaa Cary 


7 


. 


7 


at a 7 
—" 
id 


LIST OF FIGURES 


FIGURE PAGE 
use Frequency Distribution for Fluency of Verbal 


PE TLGh tal ae mE Mare aE NT fot fo c7 5 Pe evalsn 4's) srs dec ar elder eee ee ek ee. fetes 104 


oer oro 7 
a oy he a 


: Tush a 
oe 


re hy Nd 


a ' nil 
a 


CHAPTER I 
I. PROBLEM 
Introduction 

During the past decade science education has been in a state of 
turmoil. Many new courses have been developed and different teaching 
procedures researched. 

This study, subsumed under the investigation of enquiry, deals 
with classroom interaction. This could be classified under these 
general headings: 

(a) student-teacher 

(b) student-problem 

(c) eudene cetudent 

In this study students interacted with a problem and concomitantly 


caused an jmpact upon each other. 


Statement of Problem 

This study was mainly concerned with answers to the following 
questions which are explicitly noted in the hypotheses in this 
ehapler, 

1. De non-participants benefit, as measured by a conventional 
achievement test, from the verbal queries of those who do participate? 

2. What effect does guidance, provided by means of a pre-enquiry 
session test, have upon subsequent achievement, question fluency, and 
quality, as categorized along Suchman's Question Categories? 

5. ls verbal participation in a classroom. independent of either 


sociometric or academiometric position in the classroom? 
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4, Are there significant differences in reading achievement and 


non-verbal intelligence between participants and non-participants? 


Definition of Terms Used 

Participanteor verbalizer.* Participants’ or verbalizers'“are* those 
students who pose at least one question in each of the three enquiry 
sessions, or those who have asked a minimum of three questions. 

Non=participant or non-verbalizer. Non-participants or non- 
verbalizers are those students who have asked less than three questions 
during the three enquiry sessions. 

Sociometric Star. A sociometric star is a person who has been 
chosen nine or more times by the rest of the members in the class as 
being one of five students with whom they would most like to associate. 
The critéria‘used@in*this selection“ is given * by Gronlund, 'N.ELY, ~(1959) . 

Sociometric Isolate. The term sociometric isolate as used in 
this study, includes Gronlund's (1959) "isolate" and "neglectee" 
categories. A sociometric isolate in this study, is a pupil who has 
either not received any mention at all, or has been chosen only once, 
as being a person with whom the others would most like to associate. 

Academic Star. An academic star is a pupil who has been chosen 
by at least nine other pupiles in the class, as one of the five pupils 
within the class who understand science best. (Gronlund, N.E., 1959). 

Academic Isolate. As with the sociometric isolate, the academic 
isolate includes Gronlund's (1959) "isolate" and 'neglectee" categories, 
and is a person who has received either no choices, or at most, one 


ehoice, as being ra member of the class who understands science best. 
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Achievement Score. An achievement score is the score obtained 
on the test constructed by the experimenter. Three scores of ten 
marks each were combined in order to obtain the total score. 

Lower Category Achievement. This consists of test items, as 
judged by a committee, to be part of Knowledge and Comprehension 
Categories of Bloom's Taxonomy. 

Higher Category Achievement. This consists of test items, as 
judged by a committee to be part of Application, Analysis, Synthesis 
and Evaluation Categories of Bloom's Taxonomy. 

Enguiry Lesson. An enquiry lesson is one conducted by the 
experimenter in the manner established by Suchman as described in 
"Problem Background", 

Intel iisence score. “intelligence Score isithat scoresobtained 
on a Lorge-Thorndike Non-Verbal Test, Level 4, Form A. 

Reading Achievement. The reading achievement is the score 


obtained on the Gates Reading Survey Form 3. 


II. HYPOTHESES 


1.0 There will be no significant difference in the scores 
obtained from a non-verbal intelligence test by 
participant and non-participant boys and girls, and 
no interaction yerrece, 


1.) (There *wi li bene =sienificant difference on the scores 
obtained from a reading comprehension test by 
participant and non-participant boys and girls, and 
HoO-imteraction errect: 


2.0 There will be no signiticant: difference, in the scores 
obtained from a non-verbal intelligence test by 
participant and non-participant sociometric stars 
and isolates. 
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There will be no significant difference in the scores 
obtained from a reading comprehension test by 
participant and non-participant sociometric stars and 
isolates. 


There will be no significant difference in the scores 
obtained in composite, higher or lower achievement 
categories by participant and non-participant 
sociometric stars and isolates. 


There will be no significant difference in the scores 
obtained from a non-verbal intelligence test by 
participant and non-participant academiometric stars 
and isolates. 


There will be no significant difference in the scores 
obtained from a reading comprehension test by participant 
and non-participant academiometric stars and isolates. 


Tiere will *be uo sloniticante difference in the scores 
obtained in composite, higher or lower achievement 
categories by participant and non-participant 
academiometric stars and isolates. 


tieverwi ee be no signiticant; ditference in the scores 
obtained in composite, higher or lower achievement 
categories by participants and non-participants when 
I.Q. is used as a predictor variable, and no interaction 
ener. 


There will be no significant difference in the scores 
obtained in composite, higher or lower achievement 
categories by participants and non-participants when 
I.Q. and sex are used as predictor variables, and no 
Piteract Loe eELecus. 


There will be no significant difference in the scores 
obtained in composite, higher or lower achievement 
categories by participants and non-participants when 
reading is used as a predictor variable, and no 
PiteracttOneel rece. 


There will be no significant difference in the scores 
obtained in composite, higher or lower achievement 
categories by participants and non-participants when 
reading and sex are used as predictor variables, and 
ne auLerace son <eLrrect., 
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There will be no significant difference in the scores 
obtained in composite, higher and lower achievement 
categories by participants and non-participants of 
treatment A when the pre-test is used as a predictor 
variable, and no interaction effect. 


There will be no significant difference in the scores 
obtained in composite, higher and lower achievement 
categories by participants and non-participants of 
treatment A when pre-test and I.Q. are used as 
predictor variables, and no interaction effect. 


There will be no significant difference .in the scores 
obtained in composite, higher and lower achievement 
categories by participants and non-participants of 
treatment A when pre-test and reading are used as 
predictor variables, and no interaction effect. 


Sociometric position and verbal participation in the 
classroom are independent factors. 


Academiometric position and verbal participation in the 
classroom are independent factors. 


Sex and verbal participation in the classroom are 
independent factors. 


Along Suchman Categories there is no significant difference 
in the distribution of written questions in treatment C, 
as the students subsequently classify themselves in the 
enquiry session. 


Along Suchman Categories there is no significant difference 


in the distribution of questions asked during the enquiry 
sessions between any of the treatment groups. 


III. SIGNIFICANCE OF STUDY 


This study appears to be justified on the basis of. the following: 


ie: 


Much a6 Tound ini the literature about the desirability for 


students to learn science by enquiry, to hold discussions, and to 


interact with each other. This presupposes that the students benefit 


irom suchsa mode, Lt is one™aim of this study ‘to test the supposition 


that a gain in achievement can occur from within the group in an 


enquiry classroom. 
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2. Few studies in enquiry training have been concerned with 
anything except retention and transfer. The theory of enquiry, however, 
emphasizes the process of learning. This study hopes to measure 
conventional achievement outcomes from this process. 

3. A lack of knowledge appears to exist as to how effectively 
children learn from one another. When only some of the students ask 
questions one is led to wonder whether or not the remainder benefit 
from this. Many studies have been done on lecture-discussion methods 
(carried on by the teacher), whereas this study deals with the 
variables within the discussion phase itself, and is carried on by 
Eve suudents.1n, Ene classroom, I0is 1s a very crucial point, 
especially at a time when so many voices are raised for the 
desirability of enquiry learning. 

4. The main question posed in this study is the effect of 
verbalization on the non-verbalizers. For convenience it is proposed 
BOmcOUdUucE taiices tudy atatne Crade VilistevelS but, its applicability 
is by no means restricted to this grade. An answer to the question 
posed could conceivably guide teachers to encourage students to ask 
more questions or to suppress them -— depending upon the findings. 

As such it is felt that this study has significance in helping to 
guide the teaching-learning process. 

Da LE iss hoped ithat thisestudy: will shed some light. as to, the 
I1.Q., sociometric and academiometric rating of the verbalizers and 
the comparison of their achievement with that of the non-verbalizers. 


With a knowledge of the group dynamics of a class it is hoped that 
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this study will help to guide a teacher as to what type of student 
could be asked a question so as to be most beneficial to the class. 

6. Further information must be collected as to whether enquiry 
learning is feasible in an ongoing school situation. It must be 
determined whether verbal probes by some students are taken as cues by 
others who can then pursue the problem in some depth. 

7. More must be known about the varying degrees of information, 
utilization and benefits arising from this before enquiry can be 
instituted into classrooms. 

8. Data are required relating to the effect of guidance upon 
enquiry. iy enquiry. ts"tosbe instituted into* the classroom, then *more 
must be known regarding the effect of guidance. This study, by means 
of a pre-enquiry test in Group A, introduces an element of guidance and 
may thus hopefully provide some evidence as to the aspect of guidance 


for enquiry. 


IV. LIMITATIONS 

As with most investigations of this nature, rather severe 
limitations are necessary in order to obtain meaningful results. . This 
study was not concerned with outlining a method for enquiry teaching. 
It was premised on the belief that information could be acquired about 
parts of the enquiry process and must, in fact, be acquired before 
pedacocical implications of value can be extracted. Lt can be 
recognized that the method outlined here is not an ideal teaching mode, 
nor is its adoption recommended. The mode, however, was utilized in 


this study, so as to investigate limited aspects of classroom operation 
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under controlled condi tiens. 

Even though normal classroom conditions were approximated, the 
study did involve a laboratory type of delimitation. Hypotheses were 
tested and conclusions formed on the basis of groups created and 
mictrueted in Cheymanner designed: for the: study. 

some other limitations are: 

(a) No attempt was made to control or measure student 
aspiration or motivation. 

(b) No attempt was made to obtain student personality profiles, 
nor what bearing these may have upon verbal participation. 

(c) No attempt was made to determine "classroom atmosphere". 


Tt was felt that this had to be accepted as it existed. 
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CHAPTER II 


I. REVIEW OF RELATED LITERATURE 


Introduction 

The new courses emphasize teaching science not as fact or 
content but as enquiry. A prominent theorist in this field has been 
Joseph Schwab. 

It should be noted that the phrase "teaching of science as 
enquiry" is ambiguous and must be dissected into components, namely, 
science teaching conducted in an enquiry mode, and science being 
exhibited as an enquiry. In this manner science teaching can become 
ane cuduiry into enquiry (Schwab, [964i9p, 65). In this typeof 
classroom one wishes not only to inculcate a body of knowledge but 
also to guide a process of discovery on the part of the students. 

Carin and Sund (1964, p. 91) hold that enquiry learning 
designates an approach whereby the learner proceeds to perform 
problem solving and gives birth to generalizations by using facts, 
materials and events which the learner has synthesized on his own, 
and in his own way. This results in an outcome of newly gained 
knowledge (new at least to the learner). In this operation a heavy 
reliance is placed upon the learner's questioning as opposed to 
direct exposition. The teacher may conduct the experiment or 
demonstration, but questions must abound. Regarding this the authors 
state: 

Through such questioning in the process of doing a 
denoenstrativon or experiment, "the teachér is able to direct 


students' reactions to the whole problem solving process: 
analyzing problems, making hypotheses, recalling pertinent 
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and previously learned knowledge, making tentative conclusions, 

and finally coming away with a tentatively final conclusion 

based upon the available data. 

Others who have written on this topic in an analogous way 
include Kersh and Wittrock (1962, pp. 461-468), Bruner (1961, 
pp. 21-32) “and Taba (1963, pp. 308-316). 

Through the enquiry process then, knowledge is ferreted, 
existing data is salvaged, reorganized and utilized in such a manner 
so that new knowledge is obtained. As an outcome of this, additional 
material is incorporated into existing conceptual schemes, or, if the 
material As incongruous to existing generalizations then the latter 
must be altered so as to encompass the additional data. This activity 
is what Piaget (in Adler, 1963, p. 1) labels as "assimilation" and 
"accommodation". Conceptual growth increases as a result of this 
"equilibration" between assimilation and accommodation. 

In the process of learning, each new perception of an event is 
Sec iilyayaitirerent Light »as the cognitive structure nas been altered 
somewhat by a preceeding perception. This can continue until a 
sudden insight occurs. Man thus learns through his own responses, 
which arise in part from selectively organized stimuli and in part by 
the creation of a new organized whole. In this action the human is not 
a passive agent and learning therefore assumes an active process of 
selection and organization of input. 

This manner of learning, in which students have the freedom to 
practice, test and enquire, and wherein answers are not simply given, 
will allow the learning situation to proceed in a way in which Taba 


(1962, pp. 308-316) claims will be: 
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wos Nelpiigereainers veteat the structure or ac the laws 
and principles of a subject, by allowing them to discover 
these laws and principles through intensive exploration of 
concrete instances; ... defining the process of learning as 
an active organization and reorganization of mental schemata 
with which to process information and to perceive relation- 
ships;-strengthening the process of inference, that is, the 
process of going beyond that which is given. 


With regard to the educative process, the chief outcome of this 
type of concept of learning is to place the child in an environmental 
situation wherein he is allowed to do his own learning. The 
etfectiveness of enquiry learning therefore hinges greatly upon 
placing the child in situations wherein he must answer his own queries. 
This is meant in the broad sense that the child tries things out for 
himself to see what happens. He therefore engages in manipulative sets 
involving physical items as well as symbols, poses questions and seeks 
answers. The answers which are determined at one time are reconciled 
with those at another time, and also with those found by other 
children. Some of these views are voiced by Piaget (1964, p. 3) when 
he states: 


The pedagogical idea is that children should be taught the 
unifying themes of a subject matter area, after which they 
Wilt be able to relate individual) items to this general 
structure. (This seems to be what Bruner often means by 
"teaching the structure"). 

The question comes up whether to teach the structure, or 
to present the child with situations where he is active and 
clreateserene Structures: Himself ... “ihe goal in education is 
not to increase the amount of knowledge, but to create the 
possibilities for a child to invent and discover. When we 
teach too fast, we keep the child from inventing and 
discovering himself ... Teaching means creating situations 
where structures can be discovered; it does not mean trans- 
mitting structures which may be assimilated at nothing other 
than a verbal level, 
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As seen by Eisner (1965, pp. 624-634) an important basis 
underlying classroom enquiry is that students should ask questions. 
In this article he expressed the view that when a unit of study is 
completed then: 

Hopefully just as many questions or more would be raised 

in their minds as when they began the study. If the questions 
are catalytic to further enquiry, and there is every reason to 
believe that they are, then it seems that one of the teacher's 
tasks is to develop instructional strategies that elicit 
important and relevant questions as the students proceed 
through their individual enquiries. 

This statement and many others, which are to be found in the 
literature, stress the point that the teacher should not make the 
child's mental schemes, but rather that an opportunity should be given 
to the Jlearner-to a ormsand .cdrréect whisiown thoughts. 

An extensive three year study of enquiry in the elementary 
classroom was carried out by J. Richard Suchman. Suchman (1962, pp. 
4-12) regards discovery to consist of four main types of action 
involving: 

(a) Searching signifies a planned and controlled intake of data 
on the part of the observer. The objective is to secure information of 
a particular type, at a specific time and in a sequence which results 
in the maximum value in the formulation and evaluation of ideas. 

(b) Data Processing involves the arrangement of data so as to 


alter the information into systematic and simpler patterns thereby 


allowing for any relationships present to be more readily discernible. 


HZ 


ft a fi, : it Ca ae a i vas 
ene ene Bhi ‘yi i, i 


1. 


ee pee. -_ | : ; ait 


i mi j iW y 
Ae , ee oes oi ; ‘3 
ey ie sy a £ ; Wee had. ew 


iad 5d | a 
bein pig! Tol. 7 gts 
f fe oaeet on tore ; Poiy a ; - * : 


* ae Boe ey _ ors ay as | 
boas be ao oy, om te 
sinh ie ianiaugial EN: 


ony rit se ba''od' ots | an 
aay st Naan apie Sets pe 
a va ae aise i “ ‘a <a ra 


nevis sd bivede pheruuiad ie 4a xed 
aq « SOU)” ioe ppb inky ‘300 bata: dle cciiau ai a 
— aed ates x rou th bt a (Sted 1 


Ag 


2o norshmsatat aca ae ie . F 2 mo 7 
it UF aoe Wi He sh ad 
acluesx eee Shite 9kFipege 's oi 
a ag : bicep ru phd cae ay 


5 
a: 
rads eee Pais itl ls sa 


Walt 


dla 


(c) Discovery refers to an experience occurring to an individual 
when a sudden assimilation of perceived information fits into a conceptual 
framework. It is immaterial if this assimilation was brought about by a 
reorganization of the mental system or of the data. 

(d) Verification involves testing the conceptual system by 
checking to affirm that all of the data which is supposed to be incorpor- 
meted 10Co the scneme is an fact accounted for. 

No one section of this act is unique in itself. All of the 
components are essential and as a unified approach a cycle of operations 
results which characterizes the enquiry process. In the evolution of 
this process the learner is to develop a base of operations for the 
"investigations of causal relationships". 

Within data processing Suchman (1962, p. 7) holds four aspects 
to occur, all of which perform major roles. These are: 


1. Analysis - this is the act whereby complexities are 
dissected into components. 


2. Comparison - in this operation the differences or 
similarities of various elements are discernible 
when they are brought together. 

3. Isolation - herein variables are separated into smaller 
groups and thereby allow greater attention to be 
focussed on each aspect independently. 

4, Repetition - by frequent juxtaposition of variables 
upon Gach other “the probability of récognizing 
relationships is increased. 

It can be seen from this that the learner possesses mobility 

to search, compile and manipulate information derived from various 


sources. ‘This, it would appear, seems to indicate that the learning 


of a process does occur even though this may not be the main 
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objective in forming the generalization. The net result is that not 
only does the learner obtain the product of his endeavor, but, also an 
acquaintanceship with an approach involving inductive reasoning wherein 
observations are synthesized into meaningful relationships. 

In PES to analyze and assess growth in the enquiry process 
Suchman (1962, pp. 35-46) devised a means of measurement based upon 
the number of questions asked (fluency) and also upon the frequency of 
specific functional type questions. The fluency score becomes a 
measure of the number of independent operations performed by the student. 
This Suchman has tended to regard "as an index of autonomy since each 
question is an act of initiation and not a response". 

The functional type questions are placed into a mutually 
exclusive hierarchical arrangement of categories which Suchman has 
organized as follows: 

Suchman Categories 
A. 4 VERLFICATION 
Ie .€atesorical 


teoe Nomina. 
ii. Normative 


Zoe pally ELcalL 
4, Condition-descriptive 
ii... Condition-comparative 
iii. Structural-component 
iv. Properties check 
B. IMPLICATION 


1. Abstract-conceptual 


i, Diffuse 
in. «Directed 
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2. Concrete-inferential 
i. Elimination 
ii. Substitution 
Lit ee rAddtt ton 
3. Concrete-conceptual 
A. Verification Questions 
These questions are used to identify parameters such as objects, 
events and conditions which are present in the problem episode. These 
apply only to aspects used in the film and are divided into two main 
sub-categories. 
i) Cale coricalwWertttcation 
This involves the identification of events and objects of a problem 
by assigning them to classes. There are two main subtypes. 
i. Nominal: The nominal question serves to identify 
the class the object belongs to. (e.g., "Was that 
a rubber balloon?"') 
it) Normative:s) =) Ihe nopmativesquestion classifies the 
Op jeCeMoOrsevent tOmtne MNOrmmoiethe Class. (6.2.5 
"Was that an ordinary rubber balloon?") 
zie” Analytieals Verification 
Subsumed by this category are questions used to analyze objects 
or events in terms of component parts, properties, conditions, and 
relationships. This group contains four subcategories. 
i. Condation—descriptive: “This reters’ to that type 
of question used to identify specific quantitative 
of quali tative*condi tions. “eve., “Was=that Liquid 
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ii. Condition-comparative: These questions are used to 
specify a relationship between two conditions. (e.g., 
"Was the temperature of the liquid lower when it 
boiled the second time than when it boiled the first 
time?"') 

iii. Structural-component: These questions are used to 
determine the relationship between parts of a structural 
whole. (e.g., "Was the blade half one metal and half an- 
other?") 

iv. Properties check: These are questions which verify the 
properties of an object. (e.g., "Could the bunsen 
burner melt the knife?") 

B. Implication Questions 
This forms the second major category and is used in order to 
classify questions which search for relationships between variables. 
1. Abstract-Conceptual Implication 
Within this category are questions which record the attempts of 
the enquirer to’ hypothesize relationships’ between variables. -There are 
two main types of questions within this subtype. 
i. Diffuse: This question does not specify the nature 
of the relationship. (e.g., "Did the cloth have 
anything to do with the knife bending?") 

13. "Directed? "© In*this ‘question’ the*nature’ or the 
relationship asesépecitied tora: greatersextent: 

(e.g., "Did the knife bend because of unequal expansion 


of the metal?") 
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2. Concrete-Inferential Implication 
This section of implication questions is concerned with manipula- 
tion of variables in order to obtain concrete data. The data then 
allow the student to make inferences about relationships among the 
variables. There are three sub-types according to the manner of 
manipulation involved. 
i. Elimination: These are questions which eliminate an 
object so as to determine the effect on the outcome 
of the experiment. (e.g., "Would the water have 
boiled the second time if the cork was not used at 
Alea) 
ii. Substitution: These are questions which allow one 
object or condition in the experiment to be replaced 
by another. (e.g., "Would the result of the experi- 
ment have been the same if hydrogen gas was used in 
the balloon instead of ordinary air?") 
iii. Addition: In addition, new objects are included to 
determine the effect on the outcome of the experiment. 
(e.g., "Would the result of the experiment be the 
same if a glass marble was placed into the balloon?") 
3. Concrete-Conceptual Implication 
This last category encompasses those questions in which the 
student attempts to determine the necessity of an object or condition 
for the occurrence of the phenomenon. (e.g., "Was it necessary to wipe 


the knife with the cloth?"”) 
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II. RESEARCH STUDIES 


The following results were obtained from Suchman's study, (PppP- 
76-81): 

1. The sixth grade enquiry group's achievement in physical 
science concepts was as high as, or better than, the conventionally 
taught control groups, despite the greater emphasis on content in the 
ete li. 

2. On the basis of a time element, the enquiry approach is less 
efficient than the expository approach, but where maximum conceptual 
growth is desired, coupled with minimum time consumption, some combina- 
tion of exposition and enquiry is indicated. 

3. The enquiry group was more fluent in questioning. 

4. More analytical questions were asked by the enquiry group 
than by the control group. 

5. The enquiry group used less abstract conceptual questions, 
Particularly of the diffuse type, than the control group did. 

6. Both groups made extensive use of concrete inferential 
questions. 

In commenting upon these findings, it should be noted that it is 
hardly surprising to find the enquiry group more fluent than the 
contro, group. “Au important finding, however, exists in the types: of 
questions asked. Those children in the enquiry section asked more 
analytical questions, which would appear to reflect a more intensive 
probing behaviour. 

Suchman did not pursue the effects of this process on mental 


operation in children. . In an endeavor to determine whether this mode 
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of enquiry substantially altered the mental behaviour of children 
Scott, (1964, pp. 7-16), found that among the enquiry groups 

inductive reasoning in Grade V, and styles of categorization in Grade 
VIy wereerelated to science concept achievement.* This: finding implied 
that age was a factor to be considered. 

In a subsequent study, Scott (1966, pp. 143-153), using a 
modified form of Suchman Inquiry, attempted to determine further 
factors relating to problem-solving. His study involved three hundred 
Chikeren ima Cuadesuly,eVyrandiVi- sthéefollowingéhindings wene 
reported: 

The conceptual processes of the groups taught by enquiry were 
Significantly different from those of conventionally taught students. 
Stylistic preferences of the enquiry group could be related to 
specific aspects within the problem-solving strategy used in the 
lessons. Enquiry encouraged an exploratory attitude on the part of the 
students leading them beyond the overt perceptual phenomena. 

Sex differences were significant. In Grades IV-and V girls 
snowed greater capability of shifting their attack in arriving at a 
solution to a problem than did boys. Two possible reasons were 
advanced for this. Either girls. are more advanced in their cognitive 
capacities than are boys, or the boys may react adversely to a 
verbally oriented task. At the Grade VI level this gap between the 
sexes had narrowed. 

Studies using the verbal medium have been directed at the Grade 


V and VI levels (Suchman, 1962). The theoretical framework for such a 
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choice was established by Jean Piaget. The latter claimed that the 
onset of formal operations occurs in the late elementary years. 

Ivany (1965, p. 47) suggests that though the formal operations may 
develop earlier, the verbal skills necessary to communicate the 
abstract thought patterns present may not appear until somewhat later. 

Gallagher (1967, pp. 8-18) reports a study involving six 
classes of high ability students studying the BSCS Blue Version, 
Molecules to Man. A factor investigated in the study involved the 
"expressive" and 'non-expressive" students. Three of the most 
expressive and least expressive boys and girls were chosen from each 
class. These people were chosen on the basis of the number of lines 
spoken by the students, as obtained from a tapescript of data recorded 
during the class period. When more tian three students were non- 
expressive, the choice was based on alphabetical order. The following 
results were obtained from this study. 

1. Expressive students nad a higher mean aptitude score than 
did the non-expressive ones. For girls this was significant at the 
0.05 Devel, but;: failed to attain this’ level for boys. 

2. There-were significant differences favoring expressive boys 
over those being non-expressive when the teacher made test was used as 
a Chiberion. Silhetresultewas iwethessame+direction*for girls; but, 
failed tovattain statistical significance. 

San sine ta (‘BSCS atest, avhiehly significant hdifference *was found 
favoring expressive over non-expressive boys. The same trend was 


DUserved [or piria but, tabled to achieve the 0.0> fevel of sienificance. 
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4. An analysis of variance was performed on the BSCS test 
results for all members of the six groups. This failed to detect any 
significant difference between either boys or girls, or between classes. 

>». The numberof ‘lines’ of tapescript contributed for each topic 
in each classroom was compared for girls versus boys. Boys contributed 
significantly more verbal activity in four classrooms than the girls 
did. 

In reference to the result labelled number 3 above Gallagher 
(196/>*pe oO) Bstatess 


These results would seem to indicate that students who 
participate verbally in the class discussion were generally 
better studéents®than’those-whordid not¥participate: veltnis 
thus not a matter of students talking to hear themselves 
talk, but means that the students who are talking do seem 
to have a greater grasp of biological concepts as measured 
by the BSCS test than do those who remain silent. 


Regarding expressiveness, or lack of same, between girls and 
boys the suggestion is made that; 


te . eirisMare: Tot i1nterdorm towboysainsethinkinesabdtd ty, 
but for some reason, which likely has a social-sex role basis, 
do not feel free to communicate ideas in the public: forum of 
the usual classroom discussion. 


Gallagher's (1967, pp. 8-18) study provides information regarding 
characteristics of students who speak up in class. As he states (p. 17); 


In this study there was no question but that those 
students who were constant participants in class discussion 
were superior students to those who did not participate. 
They were not merely talking to hear themselves talk. They 
did reveal that they had an informational fund and the 
thinking ability to hold meaningful interchanges with the 
instructor. At the same time there was a substantial number 
of students in every class who were mute, or nearly so, in 
the three days of discussion. 
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It would appear, though, that certain limitations in the above 
study would necessitate caution in formulating far reaching 
generalizations. The study compared only the three most expressive 
students of each sex in each class with the least expressive. As the 
latter choice was made on an alphabetical basis in some classes a 


"mute'’ students had no chance to be chosen. It would be 


number of 
informative to know if the same conclusion would Be siiit had the sample 
been chosen differently. 

Biology achievement data was obtained from both teacher - 
constructed tests and from a BSCS test. A t test was then used to 
determine significance of achievement between expressive and non- 
expressive students. Initial aptitude scores had, however, already 
indicated that the expressive students were more "capable" than were 
non-expressive students. By using a t test to analyze biology 
achievement, the initial differential ability between the two groups 
was not accounted for. It could be informative to determine what the 
results would have been had initial ability been accounted for. 

Craig (1956, pp. 223-234) conducted an experiment to test the 
hypothesis that increased direction in discovery produces an increase 
ine lesriino witout any loss inveither retention or transfer. “Iwo 
groups, one independent and one directed, were used in the study. The 
task consisted of solving a common set of problems. The independent 
group was provided with knowledge of their success in solving the 
problems. The directed group was given a verbal explanation of the 
underlying relationships present in the problems. Pre and post tests 


were used in the study. 
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The following results were obtained: The group receiving a 
greater degree of direction learned more relationships. The two groups 
improved equally in their ability to solve new problems. The sekeeal 
indication from this experiment was that students do derive benefit from 
help provided during a search for a solution. 

A study by Kittle (1957) indicated that an "intermediate" degree 
of direction during discovery was of greater benefit in helping 
students learn, retain and transfer than was either "maximum" or 
"minimum" guidance. 

Much support is found in literature (Bruner, 1961, pp. 21-32, 
Garone, 1960, pp. 104-107, and others) for the view that direct 
experience with phenomena is a necessary and probably sufficient 
condition for data to be perceived and become welded into concepts. 
As an example Bruner (1961, pp. 21-32) suggested that: 

... the most uniquely personal of all one knows is that 

which he has discovered himself ... (discovery creates) a 
special and unique relation between the knowledge possessed 
and the possessor ... . 

In a study by Butts (1963, pp. 135-143) the aforementioned 
assertions did not receive experimental support. No significant 
relationship was found between concept development and science 
achievement scores or chronological age. Butts (1963, p. 141) 
Suggests that further research is required to investigate optimum 
amount of direction desirable for best concept development. 


Butts and Jones report a study (1966, pp. 21-27) involving a 


total of 109 Grade VI pupils. The sample was split into two groups, 
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one a control and the other an experimental group involving treatment 
procedures as devised by Suchman (1960). The study was designed to 
seek information relating to the following questions: 

1. Do children in elementary school, when exposed to guided 
enquiry designed explicitly to assist in problem-solving behaviour, 
show behavioural patterns which are indicative of greater effectiveness 
in solving problems? 

2. Is chronological age, sex, or factual knowledge of science 
related to change, or lack of change, in problem-solving behaviour 
patterns? 

3. Do elementary children, when guided in problem-solving 
behaviour, exhibit behaviour patterns that indicate meaningful concept 
development? 

Data obtained from the study led the investigators to form 
the following conclusions: 

A significant relationship was apparent between enquiry training 
and changes in behaviour patterns that are indicative of more effective 
problem-solving. No significant relationship was apparent between 
problem-solving behaviour and any of the following: intelligence, 
chronological age, sex, or factual knowledge of science. 

Ivany (1965), conducted an experiment designed to test the 
effect which different teaching modes have upon the quality and 


duanetey ot verbal enquiry...) Usine four, Ereatment groups, the teaching 


ranged from an expositional to hypothetical mode. The relevant variable 


defining the mode, was the amount of visual and audio data pertaining 
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to a science problem supplied to the students at the beginning of the 
enquiry session. The enquiry phase was then conducted, using the 
Suchman (1962) model. 

Results from Ivany's study (1965), indicated that a variation 
in information input did not alter the proportion of students 
participating in the enquiry session. It was observed that decreasing 
the information input led to an increase in questions from those who 
did participate, but did not induce individuals to begin enquiry. 
Ivany suggested that (1965, p. 113); 

--. Other factors, perhaps closely related to the personality 

or affective dimensions of student behaviour, are more 
important determinants of enquiry for particular individuals. 

The data indicated that a variation in information input affected 
tre quality of enquiry. Concerning this, ivany (1965, p. 126), noted 
Pieces 

It seems reasonable to conclude that patterns of enquiry 

are specific to the information processing problem presented 
to the student. Students seem capable of using all of the 
verbal functions identified by the Suchman model, but often 
make inefficient use of them. Some of the functions are used 
more often by the inquirer than their value would merit, 
while others are used seldom or apparently for less powerful 
purposes than they might serve. 

Verbal, enquiry has, at.times, been regarded. as belonging. to) the 
realm of the gifted. Ivany's study (1965) would tend to oppose this 
view, as the only predictors of verbal participation were found to be 
fluency and treatment. 

Measures of ability and aptitude, of previous achievement, 

and the O° Sort measures of-role perception, were all poor 
predictors, Of participation an any question category. . ibis 
was the case whether the type of question concerned the mere 


Naming of the,apparatis or, the more diffacult inferential 
hypotnesis. “@. 121) 
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An aspect of seemingly major importance to group enquiry 
occurring in a classroom, relates to social structure. Ivany (1965, 
p- 123), noted that a group leader appeared to exist. Following a 
probe by such a person, other students would pose several questions 
related to the content of the ‘initial question. This points to the 
importance: of a leading probe. -In view of this consideration, it thus 
appears of value, to investigate whether any dependency exists between 
verbal participation and group dynamics with particular reference to 


both social and academic popularity within the group. 


III. CLASSROOM INTERACTION 


The spontaneous behaviour and verbal action occurring within 
an ongoing classroom is so complex and variable that an accurate 
description of it is most difficult to obtain. Recently, however, 
systematic attempts have become prominent in investigating these 
intricate patterns of ideas found in classroom learning. 

A variety of systems designed to analyze pupil-teacher 
interaction have been developed. These include studies by Smith (1960, 
pp. 229-241), Aschner (1959), Medley and Mitzel (1958, pp. 86-92), 
Flanders (1960), Amidon (1963), Bellack (1965), Smith and Meux (1959), 
Taba and Elzey (1964). These systems basically involve the use of 
categories which describe classroom activity. 

In the present study such classroom activity occurs solely on 
the part of student's questioning during an enquiry session. Categories 
which classify the questions are those described by Sucnman, and 


already reported in’ Chapter I1.—(pp. 15-17); 
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Not all systems of interaction analysis, as this system has been 
called, have the same purpose. The system in this study is primarily 
concerned with sequencing of student enquiry as indicated by their 


questions. 


Recording Data 


The question categories are recorded by entering tallies ina 
12 by 12 matrix (Flanders, 1960, Amidon and Flanders, 1963). As an 
example,<in.a sequence of four questions! representedsby categoriesh1, 
4, 3, 6, a total of three pairs of numbers exist in the following 


manner: 


lst pair 3rd pair 


The particular cell in which tabulation of a pair of number 15 


made is determined by having the first number in the pair indicate the 


row and the second number the column. Each pair of numbers overlaps 


with the previous pair, and each number, except the first and last, is 


used twice. In the work done by both Flanders (1960) and by Amidon 


(1963) a category (labelled number 10) designating silence was entered 


asetherfirst sands last mumbersinathe record. ohinradditionsto completing 


the record (if it is assumed that each recorded episode commenced and 
ended with silence) this procedure alSO permitted the total of each 


column to equal the total of the corresponding row. 
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IV. AREAS OF THE MATRIX 


Areas of the matrix are shown in Table I. 

In both columns and rows cells 1 and 2 denote questions asked to 
verify categories of objects or events seen in the films. Cells 3 to 6 
apply to questions of an analytical verification type. These questions 
attempt to determine conditions, make comparisons, ascertain structural 
components and check properties of objects. Abstract conceptual 
relationships, of both diffuse and directed nature, are signified by 
cells 7 and 8. Cells 9 to 11 represent questions wherein concrete data 
is obtained through an experimental manipulation of variables and 
includes elimination, substitution and addition questions. Finally, 
cell 12 applies to questions which are asked in order to determine 
the necessity of an event or occurrence of fan event. In summary this 
matrix is used to represent the Suchman categories of questions, as 
already outlined” in this chapter. “Major divisions inm”the matrix are 


noted by the heavy lines. 


Analyzing the Matrix 


In this study analysis of the matrix was based upon the method 
described by Amidon (1963, pp. 28-30). This procedure utilizes the 
percentage of total questions asked in the observed classroom situation 
in each of the question categories. ‘In this study these percentages 
were caiculated for the major divisitons™indicated™ in  TABLE“Iy ~A 


subsequent study of the matrix, containing the calculated percentages, 


indicates what type of questions contribute most to the enquiry session. 
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TABLE I 


MATRIX AREAS WITH SUCHMAN CATEGORIES 
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As a given cell also indicates what sequence has been followed, some 


data was available relating to the predominent sequence pattern. 
V. SOCIAL RELATIONS 


Learning outcomes could be related to social conditions existing 
in the classroom. Horwitz states that the pupil can be carried along 
by group social conditions. Writing of the pupil Horwitz (1953, p. 170) 


states: 


To the degree that he desires and obtains social 
acceptance from his classroom peers, he will find the 
group attractive and will respond by accepting the 
learning goals approved by the class. 


Northway and Rooks (1957, pp. 222-227) claim that pupils who 
are low sociometrically are copiers, while those in a high position 
are creative in their handling of classroom materials. 
In a study by Schulz (1951, p. 88), using stimulated recall 
technique, it was found that overt verbal behaviour was the source 
of conscious thoughts in the classroom situation. Conclusions related 
to this problem in Schulz's study found that: 
...99% of the conscious thoughts reported were 
stimulated by overt verbal behaviour occurring in the 
classroom situation... Most of the thoughts stimulated 
by the overt verbal behaviour were relevant to the 
classroom situation. That is, they were within the 
domain of the ideas being considered, or they were 
thoughts concerning the classroom itself. Less than 1% 
of the thoughts stimulated by the overt verbal 
behaviour were irrelevant. 
If verbal statements occuring in a classroom are interdependent, 
as Schulz's study suggests, then additional information must be known 


about those students who participate verbally. A previous study, 


(Gallagher, 1967, pp. 8-18) as already noted in this chapter, has 
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found that the participants in general are students of higher intelli- 
gence. It would be informative to know how social position is, or is 
not, related to participation and to know some characteristics of high 


and low position students in both social and academic respects. 


Social and Academic Rating 

Insights into social and academic rating within a group may be 
obtained by sociometric means. A varied format coupled with a 
fluctuation in the number of choices required is found in different 
sociometric instruments. Gronlund (1959, p. 148), however, states 
thab: 

The reliability of sociometric results based on an 

unlimited number of choices, on 5 positive choices, and on 
3 positive and 3 negative choices is so similar that the 
selection of which procedure to use should be based on 
factors other than the slight variation in reliability 
Where only positive choices were used, the five-choice 
limit produced the most reliable sociometric results. 

Northway (1952, p. 5) indicates that in earlier use "negative" 
choices were included. This procedure, however, was found to cause 
resentment in the group and has been generally deleted from sociometric 
forms. 

Studies by Hunt and Solomon (as reported by French, 1951, pp. 
64-72) indicate that the length of time during which group members 
have known each other affects sociometric selection. As reported by 
them, a stabilizing process occurs during the fifth or sixth week 
after a group has been formed. Stability of selection appears to 


increase up to this duration and then levels off. Even though 


individuals may not be acquainted with all of the group members at the 
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end of six weeks, acquaintance span seems to be unrelated to sociometric 
status after this duration. It would appear that individuals in a new 
group achieve their normal acquaintances by this time span, and this in 


turn contributes to the stability of sociometric choices. 


Quantitative Rating 


Students can be classified into a category of social (or 
academic) standing on the basis of Bronfenbrenner's table (as reported 
in Gronlund 1959, p. 65). This table reports that on the basis of 
five choices for one criterion the expected, lower and upper limit 
values are 5, 1 and 9 choices respectively. These values are based 
upon unweighted sociometric choices and apply to groups containing 
from ten to fifty people. The reference frame remains fixed within 
the limits indicated and hence two groups of unequal numbers can be 
compared. ‘The lower and upper limits are limits of statistical 
significance of 0.02 and 0.03 levels respectively. 

Based upon Bronfenbrenner's reference frame Gronlund (1959, p. 95) 


outlines the following classification: 


Star 9 or more choices 
Above average 5-8 choices 
Below average 2-5 choices 
specie i choice 
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IV. . ENQUIRERS 

In studies involving human subjects it is not obvious whether 
students who participate verbally are truly enquiring or not. The 
fact that an individual forms a query which is subsequently verbalized 
does not automatically make this person into an enquirer. There are 
many other reasons which the student may have had for verbalizing. It 
may have been an attention seeking device, or the individual may have 
known the answer and merely wished this to be drawn to the attention 
of the rest of the class and so forth. In like manner one must not 
imply that the non-verbal student is automatically a non-enquirer. 

It is possible to have the following combination of students: 

(a) A verbalizing enquirer, 

(b) A verbalizing non-enquirer, 

(c) A non-verbalizing enquirer, 

(d) A non-verbalizing non-enquirer. 

Basically, studies of this nature fall into two categories. 

In one category a student's learning experience is inferred from the 
study by means of a test (or tests). In the second category an 
attempt is made to determine additional information of the nature of 
the actual experience which the student undergoes. 

Studies of the first mentioned category involve a determination 
of the skill commonly referred to as ‘critical thinking', or 
"scientific reasoning’. Examples of this type are studies which have 
been done by Kersh (1962, pp. 65-74), Furst (1950, pp. 215-228), 


Craig’ (1958, pp. 223-234) and Scandura (1964, pp.’ 149-159). 
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In these studies, as with many others, student learning 
experiences were not determined directly. Each experience was inferred 
from analysis of test data. 

Studies which lie in the second category are of the nature of 
those done by Schulz (1950), Gaiers (1951) and Berlin (1965). These 
studies used a stimulated recall technique as established by Bloom 
(reported in Schulz, 1950). 

In stimulated recall, a taped lesson is played back to the 
students and is stopped at predetermined intervals. The students are 
then to recall what they were thinking about at that point in the 
lesson. 

The investigators found that the students did not require any 
special training for this phase. They also determined that the play- 
back provided sufficient stimuli so that the students could recall 
the original details. The studies found that eal was 90% or more 
if interviewed within 24 hours after the classroom experience. 

There appear to be some shortcomings in this method. Delayed 
learning cannot be detected by this mode, as the person's concept may 
very well have increased in the interim. As such, it is conceivable 
that the person is putting more into the stimulated recall than was 
there at the original instance. The student, on the other hand, may 
have had more on his mind than he can remember, or is willing to 
disclose. 

It is suggested, Rovere that some data could conceivably be 


obtained regarding whether a verbalizer is an enquirer, etc. It may be 
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possible to determine when analyzing the written questions submitted 

by all pupils in Group C (in Chapter III) whether there is a significant 
difference in the distribution of questions between the non-verbalizers 
and verbalizers, when the latter make themselves known in the enquiry 
session. It could be suggested that the foregoing method potentially 
possesses a much greater 'realiability' in analyzing the problem than 
does a voluntary request for information involving stimulated recall. 
Furthermore, as there is no time lag (such as there is in stimulated 


recall) the data required for the analysis can be obtained immediately. 


Teacher Protocol 

It should be remembered that teacher protocol is crucial in this 
type of study. Each teacher has undoubtedly developed a certain way of 
teaching. This could be alleviated by presenting subject matter on 
film so as to be invariant to-each class. This type of situation could, 
by its very novelty, prove to be difficult to the pupils. Pupils 


"set'’ so that the presentation and follow-up of material 


have established a 
is in a different mode from what Thelen (in Ivany, 1965, p. 41) 
considers to be a violation of expectations. This type of tendency in 
a school situation, wherein a particular type of teaching behavior is 
expected, can loom as a potential problem in any type of experimentation 
performed with human subjects. 

There is at least one counteracting influence in that Grade VIII 
pupils will in all probability have had at least seven teachers prior 
to Grade VIII. In Grade VIII they have more than one teacher. On the 


basis of the number of teachers, the pupils should have become 


accustomed to different modes of teaching. 
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Ivany's work (1965, p. 114) provides some insight into this problem. 
It was found that the group which was exposed to the hypothetical mode of 
instruction, plus an extra session of instruction to provide practice 
in asking questions, asked a greater number of questions than the 
hypothetical mode group which received no additional instruction. This 
Ivany feels 


.-..encourages the explanation that a more appropriate set 
towards participation was induced by this limited instruction. 


With this in mind it is felt that one ‘dry run' will 'climatize' the 
class to the expectations. 
The climate or ‘atmosphere! which exists in the classroom is an 
important consideration. 
Jensen writing in the 59th N.S.S.E. Yearbook Part II (1960, 
p. 95) notes that there are four dimensions of the social structure 
which are important in achieving class involvement. He states these 
as: 
...the problem-solving and work relationships established 
among members of the group, the authority relationships, the 
social-acceptance relationships, and the social-influence or 
power relationships among class members. 
Inethe 49th NoS.s-E. Yearbook Part: I jHileard) (1950; pp. - 61-65) 
notes that: 
Failure to establish relationships consistent with the 
learning tasks leads to a decline in motivation and a 
reluctance to participate in the affairs of the group. 
These are factors which hold relevancy, but, the existing 


conditions in the classroom cannot be altered to suit experimental 


conditions. 
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There is a section in Ivany's (1965, pp. 122-124) work which is 

of relevance here. In this work it was found that the students' 
perception of their role or of their view of the teacher's perception 
of their role made no difference either in the quality or quantity of 
their participation. 

In view of the preceding finding it is possible to speculate 
that maybe student perception of the classroom environment is not as 
important as one may believe at first thought. Im any case, the 
climate will have to be accepted for what it is and no attempt can be 
made to alter it. 

Travers) (19585 p.:450 ) indicatés: that’, 


In most situations, there is a tendency for human subjects 
to behave in a way that they feel is expected of them. 


By means of a ‘dry run' then, it is hoped that the pupils will become 
aware of what is expected of them and will react accordingly. 

This study is an attempt at applied research and does not 
purport to postulate any new theories. It is more in the nature of a 
classroom interactions study, and does not attempt to decipher 
individual mental processes or personality characteristics of the 
pupils. “[Mewscuchman modelois' not infallible. On the: contrary, it 
does have shortcomings, but for this study it is a very useful model. 
The emphasis in the current study is the effect which verbalizers in a 
class have upon Pa aie coe This model places the onus of 
verbalization upon the pupils and hopefully keeps the teacher out of 


it. This is a possible weakness in the model. 
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One final point should be noted in that the presence of another 
person and equipment in the room may have an effect. This is 
unavoidable. In this it is like the Heisenberg Uncertainity Principle 
of physics in that normal and experimental classroom situations cannot 


be determined simultaneously. 
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CHAPTER III 
I. SAMPLE, PROCEDURES USED AND FRAMEWORK FOR STUDY 


The objective of this chapter is to provide a framework for the 
study. The sample population, the procedures used, experimental 


design, and statistical treatment are discussed. 


The Sample Population 


A sample of twelve classrooms was randomly selected from the 
population of Grade VIII classrooms in the Edmonton, Alberta,Public 
School System. By random selection also, these classes in turn were 
assigned to each of three treatment groups (A, B & C) of four classes 
each. The total number of students involved was three hundred forty 
eight. Their distribution by sex, class and experimental group, is shown 
cy elapile, LL. 

In order that achievement scores could be used it was necessary 
for a student to be in attendance for each of the enquiry sessions. 
Absences for one or more sessions made it impossible to include scores 
for forty-seven individuals, leaving, therefore a total sample 
consisting of three hundred one students. The distribution of this 


sample is shown in Table III. 


Filmed Episodes 


A number of considerations had to be thought of when choosing 
the problem films. An attempt was made to choose film material which 
was related to the present stage of development of the students. At 
the same time, however, the problems had to be novel to the students, 


with content not usually contained in a Grade VIII science course. A 
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DISTRIBUTION OF STUDENTS 
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OF STUDENTS USED IN STUDY 
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check was made with each of the Grade VIII science teachers to determine 
whether they had taught the particular matter dealt with in the films. 
None of them had done so. Another feature, previously noted, pertained 
to disequilibrium created by presentation of the problem. In all three 
films, separate problems in the area of physics were shown to each 
treatment group. 

The filmed material was contained on silent 8 mm. film loops 
developed by Science Research Associates Inquiry Development Programme 
at the University of Illinois. Each film was tested for suitability in 
a total of four Grade VIII classes, not otherwise connected with the 
experiment, during the pilot study. It was during this phase of the 
procedure that mechanical details of classroom recording were dealt with. 


The films are listed in Appendix B by title and order of presentation. 


II. TESTING INSTRUMENTS 


A. Sociogram. A sociogram was used in this study to determine 
the socially popular, as well as the isolated students in the class. 
Weeneted 10..cron tind (L955... DD. o45- 304) and 1959. p48). and in 
Northway (1952, p. 13), fairly stable data and most reliable results 
are obtained if five positive choices are allowed on each criteria. 
Hunt and Solomon (1951, pp. 64-72), further found that sociometric 
choices become relatively stabilized during the fifth or sixth week 


after a group has been formed. 
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Each student was provided with a sheet of paper, and requested 
to write the names of five classmates with whom he would most like to 
associate. The sociogram appears in Appendix C. 

B. Academiogram. Data obtained from this instrument served to 
determine the academic rating within the classroom group from which the 
academic starts and isolates could be identified. The same considera- 
tions apply as for the sociogram. The academiogram was tabulated in 
the form of a matrix as indicated by Gronlund (1959). 

C. Verbal Rating Scale. As the investigator did not personally 
know members of any of the classes, each classroom teacher's assistance 
was sought in obtaining the degree of questioning which the students 
engaged in under normal classroom condition. The teacher was asked 
to rate class members on a five point scale by allotting number one to 
a person who rarely asked questions up to number five for a person who 
asked many questions. A Spearman Rho Rank correlation coefficient was 
then obtained between the teacher's rating and the number of questions 
which were asked under experimental conditions. 

D. Achievement Test. The achievement test was constructed by 
the investigator with suggestions and assistance provided by the 
committee. The main purpose of this test was to provide a criterion 
measure. The test was constructed along the lines of Bloom's Taxonomy 
(1956). All three tests were multiple choice in format and consisted 
of ten items each. The content of the three films provided the basis 
for these tests. Abner enene scores for each student were then based 
upon the composite test consisting of the sum of the three individual 


tests. Of the thiry items, fourteen items were judged to fall in the 
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lower category (Knowledge and Comprehension) of Bloom's Taxonomy, and 
sixteen items were considered to fall into the remaining four categories 
which, for this study, were labelled as the upper category. 

Reliability estimates and item analysis of the tests were 
carried out in four Grade VIII classrooms not otherwise connected with 
the experimental data phase of the study. A Kuder-Richardson Formula 
20 r was calculated with the item analysis and had a value of 0.76. 

The achievement test appears in Appendix B. 

E. Audio Tapes. The questions asked during each class session 
were taped, and were subsequently transcribed. In some cases it was 
impossible to hear the question from the tape and hence it could not be 
transcribed. The student's identification number is known from the tape, 
but, the substance of the question itself was in some cases inaudible. 

F. Intelligence Test. A Lorge Thorndike Non-Verbal Level 4 
Form A test was administered to each student. Lorge and Thorndike 
(1962, p. 3) contend that the non-verbal test provides 'an appraisal 
of abstract intelligence which is not influenced by specific disability 
in reading". The Fifth Mental Measurements Yearbook (Buros, 1959, p. 350) 
describes the test as well designed and comments that the uses 
recommended for it are reasonable and defensible. The test was used 
in this study in order to obtain a measure of non-verbal ability. 

Reliability estimates (Buros, 1949, p. 487) obtained by alternate 
forms efethe\ test... range’ from 0.82? to’ 0792% 

@.* Gates Reading SSL. A Gates Reading Survey Form 3 test 
was administered to each student in order to obtain a measure of read- 


ing achievement. 
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The Third Mental Measurements Yearbook (Buros, 1949, p. 487) 
describes the Gates Reading Survey test to be one of the most reliable 
ones. 

Reliability estimates (Buros, 1949, p. 487) obtained by alternate 
forms” of ‘Chetest,--range “from. OJ82"t640 $92 ; 

H. Suchman Question Analysis. The scheme by which student 
questions were analyzed along the Suchman Model was given in Chapter 
II. A check on the investigator's categorization was obtained by 
having two judges (one a staff member and the other a graduate student) 
perform an independent categorization of two randomly picked sample 
lessons. Agreement between all three was 75.7%, Agreement between one 
judge and the investigator was found to be 88% while the other judge 
and the investigator agreed in 86.4% of tne cases. The lessons used 
for this purpose and their categorization by all three people are 


included in Appendix A. 


TIL. “TREATMENT PROCEDURE 
Ducine the first three meetings with the classes in ‘the 
experimental phase of the study, the experimenter administered the 
intelligence test, reading test, sociogram, and academiogram. In 
addition, the classes were given instructions regarding procedures to 
follow by means of a ‘dry run' of an enquiry lesson. In a previous 
study, Ivany (1965), had found it advantageous to acclimatize the 


classes to this relatively novel way of conducting a class. 
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Following administration of the aforementioned tests and ‘dry 
run', the investigator arranged with the science teachers for three 
subsequent meetings with each class. 

In an endeavor to eliminate teacher differences of presentation, 
the content material was shown by means of films and the enquiry 
sessions were conducted by the investigator. The treatments indicated 
below were each carried out during a regular science period in the 
school. Each class in the study saw the same three films, but there- 
after the procedures differed, as can be seen below. Achievement scores 
obtained on the individual tests were compiled and a total achievement 


score was tabulated for each student. 


Experimental Design 


Group A Group B Group C 
Classes if m2 3 4 5 6 i 8 9 10 atl 1 
F F F F F F F F F F F F 
T dy al al E E E E W W W W 
es E E E ft fl at iL E E E E 
B B B B 
rT, rT, rT, rT, To To To ve 


where F represents a film, 
E represents a Suchman type enquiry session, 


Ty» Th» To represents an achievement test for a film, 


rl,,, represents the same achievement test. given as a 
retest following the enquiry session, 
Worepresents fivelwritten questions following the film. 


Tests Ty: qT,» and To are identical in content for each film, but 


are labelled in the manner indicated in order to distinguish the groups 


, 


for analysis purposes. 
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Description of Treatment Procedures 

The initial supply of information was identical to all classes 
in all three treatment groups. This was accomplished by an eight 
millimeter silent film. 
Treatment A 

Following presentation of the film, students in this treatment 
were given a test based on the film content. This test had three 
basic aims: 

(a) to serve as a guide for the subsequent enquiry, 

(b) to -provide a covariate control for the group, and 

(c) to provide for an analysis of the role which guidance 
assumes within the enquiry process. 
Following the enquiry session the same test was readministered. 
Treatment B 

Classes in this treatment engaged in completely unguided 
enquiry. Autonomous enquiring activity was required in order to 
Lormulate, the problem existing in, the film, generate hypotheses, test 
these hypotheses and then arrive at a conclusion. 
Treatment C 

In this treatment every student had an opportunity to engage in 
a degree=of self guidance prior to the classroom enquiry session. 
This was effected by having every student, prior to the enquiry 
session, write five questions on paper, which were then handed in. 
These were Suchman variety questions which students would ask regarding 


material seen-in the film. As already indicated in Chapter II, the use 
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of written questions by students in Treatment Group C served to provide 
information on enquiring and non-enquiring participants and non- 


participants. 


IV. STATISTICAL TREATMENT 

Statistical tests used in this study consisted of a t test, a 
chi square test of independence, Spearman Rank Correlation Coefficient, 
multiple linear regression analysis, and the Kolmogorov-Smirnov test. 

Interpretations of significance were determined on the probability 
value p. A value of p less than 0.05 (p < 0.05) was interpreted as 
being significant; that is, significant differences existed between or 
among sub-groups. In all cases a value of p greater than 0.05 was 
interpreted as being non-significant. 


£ Test 


A t test was used to check for any significant difference 
between the means of two independent samples. Attributes and condi- 
tions under which a t test may be used are noted in Ferguson (1959, 
pp. 136-138) and in Guilford (1956, pp. 183-185). 

By combining data from two samples, an unbiased estimate of the 
population variance of 
on waits a xayahs xie Key 

1 ler, aed Oe ee 


1 2 


is obtained. x, and X, are two sample means based on Ny and N, cases 


respectively. As deviations are taken separately about tne means of 


the two samples, this results in a loss of two degrees of freedom. The 
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: Zoey: 
variance estimate, S , is then used to determine the standard error of 


the difference between the two means. Thus 
S> — at 2 Pi Ae 
X) eee [s /N,) + (S n| 


Xx) - X D is divided into the difference between means, X, - X. the 


resulting ratio-is ndicated by "t" and forma t tést. 


hee 
tC = 
S— as! 
at tat 
a ie 


[s’rp + (S°7)] ie 
me < test, described here, applies under the assumption that 
the variable in the population from which the samples have been 
randomly drawn does not depart grossly from a normal distribution. An 
additional assumption made is that of homogeneity of variance. 
As noted by Hays (1963, pp. 321-322) the normal distribution 


assumption is not as important as that of homogeneity of variance. 


Homogeneity of Variance 


As already stated, a t test for the significance of the difference 
between means assumes equality of population variances. Where this 
assumption is untenable the aforementioned t test should not be 
applied. Under this condition, a method of obtaining a t distribution 
is given by Cochran and Cox (1957, pralol ie 

A way of testing for homogeneity of variance is given by 
Féreuson (1959, pp#°140-142). "This uses “an Fotest sto méasuréthe 


significance of the ratio of population variances. Letting S, and S, 
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represent two variances based on independent samples, the F ratio can be 


? ; 2 2 2 Z 
written as either Ss) /S, or S, /S, 4 


In practice, the larger variance 
estimate is placed in the numerator and the smaller in the denominator. 
This results in measuring only one tail of the F distribution and as a 


consequence, the level of significance obtained from a table of distri- 


butions of F must be doubled. 


Chat: Square 


1 i: Lee ‘ : 

The statistic chi square (y ) is used in those situations 
wherein a comparison is required between observed and theoretical 
frequencies. 


yh is 'defined ‘by : 


2 J. es 
E 


where O represents an observed frequency 
and where E represents an expected or theoretical frequency. 
Expected frequencies were calculated from the marginal frequencies of 
the contingency tables. 
P Z ; 
imvusine yerto test fore independence, tie” expected cell 
frequencies are those which would be obtained if the two variables 


are independent of each other. 


Spearman Rho Rank Correlation Coefficient 
The classroom teacher's verbal rating scale and the number of 
questions, in rank order, which students asked during the investigation 

was compared by Spearman's Rho (p) with tied oe (Ferguson, 1959, 


pp. 179-182). In using this procedure tied ranks are replaced by an 


average rank. Spearman's Rho is given by: 
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o=l1l- 62 2 
NON? = 1) 
ee Mire represents the sum of the squared differences between ranks 


and N the number of pairs of measurements. 


Significance of Spearman's Rho 
When N equals 10 or greater, it is possible to test the 


significance of the correlation by using the following t value 


(Ferouson,, 1959, p. 183): 
2 


This quantity with N — 2 degrees of freedom has a t distribution. 


Multiple Linear Regression 

Bottenberg and Ward (1963) consider multiple linear regression 
as, '"... the most direct and powerful approach to the effective 
formulation and resolution of a wide variety of research problems." 
Its use lies in investigating relationships between a set of 
independent variables serving as predictors and a dependent variable 
forming the criterion. Development of high speed computers has made 
this approach to analysis feasible. 

The assumption underlying multiple linear regression is that 
between a criterion variable (Y) and a set of predictor variables 


(X,) there is a linear relationship of the form: 


cya Y = A,X 5 AyX, + A,X, i A,X) Sun eusdeaecks Ann 


where the Aj are weight coefficients. (Bottenberg and Ward, 1963, 
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In very infrequent instances, however, will such a linear 
combination reproduce the criterion variable Y exactly. A certain 
amount of error, occurs, in the, prediction. sAsperfect prediction can 
thus be only obtained by the addition of an error term, resulting in 
Sqiia tion: 3.2.5 


a 


Disc Y = A,X, ate A,X, a A,X, + ALA, Te te ak AX +E 


where E represents error. 

There are many possible values for the coefficients A, ve AL 
It is evident that if the prediction is to be maximized then the error 
must become a minimum. In use then, the coefficients are so obtained 
as to minimize the error sum of squares (ESS), the method being known 
as the "least squares" procedure. The coefficients obtained in the 
regression equation are called "least squares weights". 

Data MaynaDeeertneracontinuous or categorial. For categorical 
data the predictor variable Xx, = leit the subject belongs sto -a 
Specitied cavegory, and it not chen Xx. = 0. 

Goodness of fit between observed and predicted values is obtained 
by a multiple correlation between Y and ye Tts "square, termed the 
squared multiple correlation (RSQ), represents the proportion of the 


variance of: the criterion accounted for by the predictor as obtained 


from equation 3.2 


Use An besting Hypotheses 


Equation 3.2 predicts the: criterion measure when all predictors 
are included and could be called the full model, or Model 1. In order 


to invéstigate the effect of a particular variable, say X55 a new model, 
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3.3, is formed. This new model restricts X,, and is called the restricted 
model, or Model 2. 
Ae) Yo = A,X, “~~ A,X, “i A,X), oP wet AX, i 
Model 2 provides a squared multiple correlation which is either less 
than, “or “equal 'to, "that provided by Model 1. In like manner all 
predictor variables used in the investigation can be used to obtain a 
set of squared multiple correlations. 

Interactions among variables can be investigated by generating 
a full and restricted interaction model. 

An F ratio is used to determine whether any one variable 


eonrcributes significant lyin obtaiming “arbetter ‘predictions ;This ratio 


is defined as: 


354 € 2. 28 
ga es )/df, 
2 
(Teen nce, 
where: R, = RSQ of the full model, 


Ry = RSQ of the appropriate restricted model, 

df, = number of linearly independent predictors in the full 
model minus the number of linearly independent predictors 
in the restricted model. 

df, = total number of persons in all groups minus the number 
of linearly independent predictors in the full model. 

The programs used in this study were obtained from the User's 
Library in the Educational Research Section of the University of 


Alberta at Edmonton and results calculated by the IBM 7040 computer. 
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Kolmogorov-Smirnov Two Sample Test 


A Kolmogorov-Smirnov two sample test is useful in comparing the 
distributions of two samples. (Guilford, 1956, pp. 262-267). It can 
be used to test the null hypothesis that two distributions arose by 
random sampling from the same population. 

An essential step in applying the test is to allocate the 
observations into categories and then to determine the cumulative 


proportions in each category. The latter step arrives at a standard 


form of numerical value which is unaffected by differences in the size 


of the samples. The absolute value of the differences between the 
cumulative proportions must then be determined for each category. 

The K-S test is applied as a small sample test, wnen the number 
of entries in each sample is less than 40, and as a large sample test 
when the number is greater than 40. 

A two-tailed test may be used in testing for a difference 
between two distributions. This test utilizes the difference between 
cumulative proportions calculated for each category. For the two 
distributnoncwro pe *Sienini cantly drirerent at the 0005 ‘lével™the 
difference must exceed the value of 
Liz 


Ny a N,, 


where Ny and N, represent the two sample sizes. 
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CHAPTER IV 
I. RESULTS, ANALYSIS AND DISCUSSION 


Class Differences 

In classroom studies the schools from which classes are to be 
obtained are chosen by random selection. Once these have been 
obtained, the use of a class or classes is often dictated by conditions 
within the school. For example, it was found that in some schools 
class periods vary in length between forenoon and afternoon. Due to 
inadequate length of periods, certain classes were eliminated. Class 
size was a factor which had to be considered, as inordinately large or 
small classes had to eliminated. As far as was possible, twelve 
classes were chosen at random, with the teachers' co-operation. These 
classes were in turn assigned randomly to three treatment groups of 
four classes each. At this point there was still no measure available 
indicating the ability of the students in the chosen classes. As this 
study dealt largely with participants and non-participants, the 
treatment procedure had to be administered before it became known who 
the participants and non-participants were. An I1.Q. and reading test, 
administered to each individual, to serve as a co-variate, could then 
be analyzed. These data appear in TABLE IV. 

As seen from TABLE IV, I1.Q. and reading differences between 
participants and non-participants are significant. The conclusion to 
be drawn from this is that achievement data should be analyzed by a 


statistic that-takes into account the initial ability of the students. 
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TABLE IV 


GROUP 


TEST 
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COMPOSITE 
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As the classes were unknown to the investigator the question arose 


as to whether those students who asked questions during normal class 
periods and those who participated in the experiment were in fact the 
same people? Using a Spearman Rho to analyze the classroom teacher's 
verbal rating scale and the number of questions asked by each individual 
it was found that a significant correlation existed between the two 
measures in eleven of the twelve classrooms. Thus, even though only 

one person could be acknowledged to ask a question at a given instant, 
the analysis indicates that the participants were essentially the 


same people who normally asked questions during class periods. 
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HYPOTHESIS 1.0 

The first hypothesis postulated that no significant I1.Q. 
difference existed between participant and non-participant boys 
andgir le. 

Using multiple linear regression approach the following results 
were obtained, as given in TABLE VI. 

Using participation as a predictor in the linear regression 
model, the sex of the student is not a relevant variable. In Group A, 
from TABLE V, a significant difference was obtained in I.Q. between 
girls and boys, when analyzed by a t test. The latter test does not 
allow for control of participation, which is a relevant factor in 
this study. As indicated in TABLE V, however, in all groups the mean 
20. Lomaboys*is higher than that for-ciris. A significant level, as 
obtained from a t test, is not reached in either Groups B or C in 
TABLE V. 

As obtained from both TABLE IV and TABLE V1,..a significant 
difference exists between I.Q. of participants and non-participants. 

On the basis of the analysis the null hypothesis regarding no 
I.Q. differences between boys and girls is supported, but must be 
rejected regarding 1.Q.'s between participants and non-participants. 
It is evident that I.Q. is a significant predictor regarding 
participation, and must be used as a predictor when achievement is 


analyzed. 
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TABLE V (continued) 
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TABLE VI 


CONTRIBUTIONS OF VARIABLES WITH I.Q. AS CRITERION 


MODEL VARIABLES Ro ane TEST MODELS df F PROB. 
1 8-11 0228 4 INTERACTION Led LA 297 02016 eNes:. 
2 4— 7 O20 3 SEX LS E29 570U074 ae ae Ss 
3 6- 7 Ore? 2 PARTICIPATION 2:4 1/2987 450 <0.05 
4 4— 5 OrZ2 J 

VARIABLES 

ih = participation 

Z =1.0.. 

3 = sex 

4 = boys 

5 = girls 

6 = participants 

i, = non-participants 


8-11 = treatment cells 
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HYPOTHESIS 1.1 

This hypothesis postulated no significant reading achievement 
differences between participant and non-participant boys and girls. No 
significant differences in reading exist between boys and girls as 
evidenced from TABLES IV, V, AND VII. 

The analysis is not so conclusive between participants and non- 
participants in TABLE IV. No difference is evident in groups A and C, 
but, a significant difference is present in group B. In view of these 
results, it is apparent that reading must be used as a covariate in 


analyzing achievement. 


HYPOTHESES «2 .0ieto 2.2 

These hypotheses postulated no significant difference between 
participant and non-participant sociometric stars and isolates, when 
based upon successive criteria of 1.0., reading and achievement. 

No evidence, based upon TABLE VIII, is available from this study 
to reject these hypotheses. 

From TABLE VIII it should be noted that the mean I1.Q. of 
participant sociometric stars exceeds the mean of non-participant 
sociometric stars by 4.93 points, but, does not attain a level of 
statistical significance. Within the participant group, the mean I.Q. 
of the stars exceeds that of the isolates by 4.73 points, and almost 
reaches a level of significance. 

With regard to achievement, either composite, higher or lower, 


no significant differences were found between participants and non- 


participants when these were divided into stars and isolates. Likewise, 
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TABLE VII 


CONTRIBUTIONS OF VARIABLES WITH READING AS CRITERION 


MODEL VARIABLES R? df TEST MODELS df F PROB. 
a3 8-11 0.19 4 INTERACTION Le 1/297) A265) es. 
2 4- 7 Owls 3 SEX pave) 1/298 ek Bem a oa 
| 6- / 0.10 2 PARTICIPATION 2:4 1/298 3.91 0.048 
4 4— 5 0.02 2 

VARIABLES 

1 = participation 

2 = reading 

3 = sex 

4 = boys 

», = girls 

6 = participants 

7 = non-participants 


8-1] = treatment cells 
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no differences were found between stars and isolates when divided into 


participant and non-participant groups. 


HYPOTHESES: 3 JO GOlGR2 

The intent of these hypotheses was to investigate 1.Q., reading 
and achievement relating to academiometric stars and isolates. As may 
be seen from TABLE IX no significant differences, on any of these 
criteria, are evident between participant and non-participant academio- 
metric stars, nor between participant and non-participant academiometric 
isolates. 

When participating academiometric stars and isolates are compared, 
however, very significant differences are observed on all criteria. The 
same result is obtained for non-participating academiometric stars and 


isolates. It is evident, then, that differences exist between stars 


and isolates regardless of participation. 


Discussion oF Hypotheses).2.0, to 3.2, 

No significant differences were detected on any of the measures 
used as criteria for categories of individuals included within the 
sociometric groups used in this study. As these criterion measures 
dealt either with classroom achievement or mental proficiency, it would 
suggest that sociometric choices are based upon consideration other 
than the one used in the study. The measures which were used by the 
students do not appear valuable as predictors of academic success. 

For the academiometric group, participation does not appear to 


be a valuable predictor of academic success either within groups of 


stars, or isolates. No significant differences were obtained on any of 
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TABLE IX 


MEANS, STANDARD DEVIATIONS AND t TESTS FOR ACADEMIOMETRIC DATA 
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TABLE IX (continued) 
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the criteria within the group of stars who participated and those who 

did not. In like manner no significant differences were apparent 

between participants and non-participants within the isolate group. 
On all measures, however, significant differences were apparent 


between stars and isolates whether participating or not. 


HYPOTHESIS 4.0 

This hypothesis postulated no significant differences in the 
varied levels of achievement between participants and non-participants, 
and of treatments, when I.0. served as a predictor variable. Results 
of the analysis are tabulated in TABLES X to XII. 

Interaction effects were not found to be significant for any 
levels of achievement serving as criteria, and as such there is no 
evidence to reject that part of the hypothesis. 

With I.Q. serving as a predictor variable, the analysis 
indicates significant differences in both composite and higher category 
achievement occurring between participants and non-participants. For 
these two achievement categories significant differences were also 
found to exist between treatment groups. No such differences were 
found in either participation or in treatments when I.Q. was used as a 
predictor variable for the lower categories. The null hypothesis must, 
therefore, be rejected when either composite or higher comprising 
categories 3:00 to 6:00 of Bloom's Taxonomy category achievement 
served as a criterion measure. No evidence is present to reject the 
hypothesis when lower, consisting of categories 1:00 and 2:00 of 


Bloom's Taxonomy category achievement, was used as the criterion. 
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CONTRIBUTIONS OF VARIABLES WITH COMPOSITE 


MODEL 
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ACHIEVEMENT SCORE AS CRITERION 
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R df TEST MODELS df F 


INTERACT ION IZ 2/294 0.61 


PARTICIPATION Boas 1/296 3.92 


23 4 

TREATMENT 224 2/296 3.11 
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223 5 
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TABLE XI 


CONTRIBUTIONS OF VARIABLES WITH HIGHER CATEGORY 


ACHIEVEMENT SCORE AS CRITERION 


v1 


ne df TEST MODELS 


MODEL VARIABLES df F 

1 3,,11-16 Aca) i 

INTERACTION 1% 2 27294, 30 
2 3, 6-10 220 5 

PARTICIPATION Zee ily PAT oe Ms ENGI: 
3 3, 8-10 als) 4 

TREATMENT Dist, 2/296 5.94 
4 Slee Mo Hy sally) 5 
5 4,11-16 v0) vi 

INTERACTION DO 2/294" 0.93 
6 4, 6-10 age) 5) 

PARTICIPATION Oa, 72960 TiS 
7 4, 8-10 mel ly ers 

TREATMENT 638 2) 2968 Fond 
8 4, 6- 7 <6 3 

VARIABLES 
1 participation 


Z 


1i-16 


treatment groups 

non-verbal I.Q. 

reading 

higher category achievement score 
participants 

non-participants 

treatment A 

treatmemt B 

treatment C 


treatment cells 
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MODEL 


TABLE XII 


CONTRIBUTIONS OF VARIABLES WITH LOWER 
CATEGORY ACHIEVEMENT SCORE AS CRITERION 


VARIABLES R- df TEST MODELS 
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TREATMENT 234 
Sy Osa? 0.14 3 
4, 11-16 0.14 
INTERACTION D0 
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PARTICIPATION” "6777 
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TREATMENT 6:8 
che MRO any O52 
VARIABLES 
i = participation 
Z = treatment groups 
3 = non-verbal I.Q. 
4 = reading 
5 = lower category achievement score 
6 = participants 
7 = non-participatns 
8 = treatment A 
9 = treatment B 
10 = treatment C 
11-16 = treatment cells 
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As evidenced from the weights given in Appendix D, treatment A 
had the highest adjusted mean and treatment B the lowest on both 
composite and higher category achievement scores. In the lower category 
achievement, treatment C had a slightlv higher mean score than did 
treatment A, with treatment B having the lowest mean. 

With I.Q. serving as a predictor, the data would indicate that 
in a composite achievement test, including varied categories as 
outlined by Bloom, participants gain more through an enquiry session 
than do non-participants. In similar manner results from guided 
enquirv are superior to those from unguided enquiry. 

The same conclusions are to be drawn for achievement scores in 
the higher categories. 

Analysis of lower category test scores shows no significant 
differences in either participation, or in treatments. It would appear 
that either the non-participants gained as much of the knowledge and 
comprehension items from the enquiry session as did the participants, 
or, that prior to the enquiry they already possessed as much knowledge 
as did the participants. 

The latter suggestion would appear to obtain supporting evidence 
from TABLE XIII. Using a t test no significant difference is observed 
to exist in either pre or post enquiry lower achievement scores between 
participants and non-participants. Ina like manner no significant 
difference is evident for higher category pre-enquiry test scores 
between participants and non-participants. A significant difference, 
however, is observed between the two groups when post-enquiry test 


scores are analyzed. This data adds evidence to the suggestion that 
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MEANS, STANDARD DEVIATION AND t TESTS FOR TREATMENT A 
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COMPOSITE 
ACHIEVEMENT 
PRE=TEST 
POST-TEST 


HIGHER*CATEGORY 
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PRE-TEST 
POSTHLPEST 


LOWER**CATEGORY 
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PRE=TEST 
POST-TEST 
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participants do gain more from an enquiry session at the higher category 


level than do the non-participants. 


HYPOTHESIS 4.1 

No difference was postulated in the composite, lower or higher 
Bloom levels of achievement between participants and non-participants, 
or among treatment groups, and no interaction effects when both I.0Q. 
and sex served as predictor variables. Results of this analysis are 
tabulated in TABLES XIV to XVI. 

Interaction effects are not found to be significant in any of 
these tables. There is thus no evidence to reject that part of the 
hypothesis. 

With both I.Q. and sex serving as predictor variables and 
composite achievement score as a criterion, participation is no longer 
found to be significant. Treatment, however, remains significant. 
This indicates that the significance attained by participation in 
TABLE X was largely a sex factor. 

When achievement in the higher categories is used as a criterion, 
significant differences still exist in both participation and in 
treatments. Adjusted achievement of participants was superior to non- 
participants and treatment A results were superior to the other 
treatments. (Appendix D). 

With achievement in the lower categories as a criterion, no 
significant differences are seen to exist in either participation or in 
treatments. Sex, however, becomes a relevant variable. As indicated 


in the WEIGHTS in Appendix D, boys achieved slightly higher in all three 
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CONTRIBUTIONS OF 
ACHTIEV EMENT 


TABLE XIV 


VARIABLES WITH COMPOSITE 
SCORE AS CRITERION 


MODEL 
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3} 


10 
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VARIABLES R df 
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CONTRIBUTIONS OF VARIABLES WITH HIGHER 


TABLE XV 


CATEGORY ACHIEVEMENT SCORE AS CRITERION 
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CONTRIBUTIONS OF VARIABLES WITH LOWER 


CATEGORY ACHIEVEMENT SCORE AS CRITERION 
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MODELS VARIABLES R df TEST MODELS df F PROB 
k 3 138-195 112-17 10224 8 
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PARTICIPATION Des 295 ae Oe. N.S 
3 Ps BUSSE age 9=1 1 4 O:423 5 
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achievement divisions, but, the difference was not significant, except 
in the lower categories. 

From TABLE XIII, using a t test to compare girls and boys in 
treatment A, the evidence indicates that boys scored significantly 
bighereinglower scategory wltems.of athe pre-tests sihnis would suggest 
that boys had more initial knowledge necessary to interpret the films 
than did the girls. The enquiry session, however, had the effect of 
increasing the girls' level relative to that of the boys'. At the 
higher achievement level neither group appears to have possessed 


substantially more understanding when writing the pre-test. 


HYPOTHESIS 4.2 
No significant differences in the composite, lower or higher 


Bloom levels of achievement were postulated between participants and 


19 


HON—participants, Or between treatments, or-of interaction, when reading 


served as a predictor variable. Results of the analysis are tabulated 
in TABLES X* to XIL. 

Interact itonmerrectseare NOL ston bi cant ssoOmo evidence 1s 
present co Te;ect thal, partsot the hypothesis. 


Significant differences are present between participants and 


non-participants and between treatments, when composite achievement and 


higher category achievement served as criteria. No significant 
differences are found to be present when lower category achievement 


Served as a criterion. or all three criteria, mean achievement in 


treatment A was the highest and treatment B was the lowest. Also, mean 


achievement of the participants exceeds that of the non-participants for 


all three criteria, (Appendix D). 
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HYPOTHESIS 4.3 

This hypothesis assumed no achievement differences between 
participants and non-participants, nor between treatment groups, and 
no interaction effect when reading and sex served as predictor variables. 
Results of the analysis are tabulated in TABLES XIV to XVI. 

Interaction is not significant for any of the three levels of 
acuievement Seuvine as Criteria, atid hence theremis no evidence to 
Reject that; part. of the hypothesis. 

When the composite achievement test score was used as a criterion, 
participation was not significant, whereas treatment and sex are signi- 
fucant predictor Variables, As seen from Appendix D, the mean score of 
treatment A is the highest of the three, while that of treatment B is 
tie owest, -ine=mean achwevement of boys is superior to that of girls. 

Vitheiohereachievementr das. a Criterion Variable. sionificant 
differences are present in both participation and in treatments. Once 
again the mean achievement score of treatment A is the highest, while 
tliat of treatment B is the lowest. The mean achievement score for 
participants was greater than for non-participants and higher for boys 
Chan qlor girls. 

With lower achievement as a criterion, participation and 
treatment were not significant predictors, but sex was. Boys achieved 


significantly higher than did girls. 
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Discussion of Hypotheses 4.0 to 4.3 

Disrévarding the sexsofL the student, .ditrerences,.occur in 
achievement between participants and non-participants in the composite 
and Digher categories, but tiot insthe lower categony. This isame)result 
was found when both 1.Q. and reading were used as predictors. When sex 
was also used as a predictor the difference for composite achievement 
disappeared. ibis remained, for the higher icatesory. TABLE X1ilL for 
treatment A illuminates this point further. In the pre-test, the mean 
higher achievement score for participants exceeded that of. the non- 
participants by 0.38 points and was not significant. In the post-test, 
however, the excess of participants' score over that of the non- 
participants was 1.09 points, and was statistically significant. Even 
though both groups gained in higher achievement scores through the 
enquiry session, the participants gained more than the non-participants 
aid. 

For lower achievement scores participation did not provide either 
participants or non-participants with a relative advantage. It may be 
that basic knowledge already known to the students could be an 
influential, factor operative here. 

It is reasonable to assume that anyone asking questions is likely 
to be actively preoccupied with the problem under consideration. Based 
upon this assumption it is possible that the participants were more 
actively concentrating and searching for a solution to the problem than 
were the non-participants. As such, the participants may have been 
more keenly aware of the questions being asked and were attempting to 


relate the different ideas posedsin.the,.enquiry. session.» «Duringe the 
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enquiry period as with Ivany's study (1965) it was found that a student 
would occasionally go back and ask a question which was an expansion of 
one or more ideas already proposed. It is uncertain as to whether those 
who were not asking questions verbally were doing it mentally, or were 
waiting for someone to provide the answer. 

Except for lower category achievement, treatments have a 
Sieniricanlt intiuence regardless of the predictor variables used in 
this study. 

For the lower category it is possible, as already suggested, 
that each individual has gained a basic knowledge relating to the 
filmed material. This knowledge is, therefore, not dependent upon any 
treatment. For higher achievement, however, the results indicate the 
désirability of -euidance,. Ihis result is “evident from TABLE. XLLV for 
treatment A, and the WEIGHTS in Appendix D, which indicate the 
precressive eifects of guidance. The adjusted mean score in, Appendix 
DeshOws, Eiabl a decreasing order of mean scores places the treatments in 
an A, C to B series. The lowest mean socre of all was obtained on the 
pre-test {or treatment A. This shows that the enquiry session itself 
had a guiding Crleck, soli treqemenc 1c, weeLe everyone was asked CO 
write five questions, and therefore thought about the problem, an 
element of pre-enquiry "self-guidance" occurred. The group obtaining 
the highest score, though, was treatment A, which received external 
guidance. 

What was stated in the previous paragraph for higher category 
achievement applies equally to composite achievement. This test, 


however, consisting of two levels of achievement, indicates the influence 
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of the higher category component. 

Sex was an important variable for the lower achievement category. 
As recorded in TABLE XIII boys scored significantly better on the 
pre=-tesG than did the girls. This suggests that initially the boys 


possessed more basic knowledge of the subject matter. 


HYPOTHESIS 5.0 

Using data obtained from treatment A this hypothesis postulated 
Ne Sionificant differences in the*® three: levels° of achievement scores 
obtained by participant and non-participant boys and girls and no 
imeeraction errects. 

Treatment A allowed for a pre-enquiry test as a predictor of 
post-enquiry test sovas to investigate the. effect of participation and 
sex upon achievement. Results of this analysis are tabulated in TABLE 
AVE iiterdetiomis not found-to be significant. No significant 
differences were found in either sex or participation when composite 
test results were used as a criterion. There is, thus, no evidence to 
Tevecuethis part of theynull hypothesis. 

TABLES XVIII and XIX contain an identical tabulation as TABLE 
MVil“except.that the criterion :measure is based upon higher and lower 
achievement categories respectively. In both cases interaction is not 
sient icant.» In meither or the two achievement categories 16. sex a 
Sivneiicant predictor. “Participation 1s significant for the higher 


Gategory but not for the lower. 
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TABLE XVII 


PRE-ENQUIRY TEST AS A PREDICTOR OF POST-ENQUIRY TEST IN 


TREATMENT A WITH COMPOSITE ACHIEVEMENT SCORE AS CRITERION 


VARIABLES 


even) 


VARIABLES 


R df TEST MODELS 
0.43 5 
INTERACTION Ls 
0.43 4 
SEX 23 
0.43 3 
PARTICIPATION 2:4 
0.43 3 
participation 
pre-test 
pOSt=test 
sex 
boys 
itis 
participants 


non-participants 


treatment cells 


df 


1/94 
1/95 


1/95 


F 
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TABLE XVIII 


PRE-ENQUIRY TEST AS A PREDICTOR OF POST-ENQUIRY TEST IN 
TREATMENT A WITH HIGHER CATEGORY ACHIEVEMENT AS CRITERION 


MODEL VARIABLES R df TEST MODELS df F PROB. 
N 250 Gaz OF 2 5 
INTERACTION We 2 L/jOe, Oy N.S. 
Z 235.0 Or 21 4 
SEX 223 L/24 01,05 N.S. 
B 22/28 Oy 24 3 
PARTICIPATION 224 1/95. “les Gs 40'205 
4 2, 5- 6 Op Ie 3 
VARIABLES 
a = participation 
Us = pre-test 
3 = post-test 
4, = sex 
5 = boys 
6 = girls 
vi = participants 
8 = non-participants 


9-12 = treatment cells 


- - er 


TABLE XIX 


PRE-ENQUIRY TEST AS A PREDICTOR OF POST-ENQUIRY TEST IN 
TREATMENT A WITH LOWER CATEGORY ACHIEVEMENT AS CRITERION 


MODEL VARIABLES R df TEST MODELS df F PROB. 
iy 2, 9-12 0.48 5 
INTERACTION es PIGS Old 4 Neo. 
2 255-98 0.48 4 
SEX 2s 1/95) SOCO00 Brae os 
3 Zeer SEe 26046 5 
PARTICIPATION 2:4 LOS a2 WSs 
4 ZO 0.47 3 
VARIABLES 
ik = participation 
2 = pre-test 
) = post-test 
4 = sex 
5) = boys 
6 = girls 
7 = participants 
8 = non-participants 


9-12 = treatment cells 
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HYPOTHESIS 5.1 

Significant differences in the various levels of achievement 
scores were thought to be non-existent between participant and non- 
participant boys and girls, when both I.Q. and pre-test were used as 
predictor variables for treatment A. Results of the analysis for this 
hypothesis are tabulated in TABLES XX to XXII. 

As in previous cases, interaction effects are non-significant. 

On the basis of. the reported analysis neither sex nor participa= 
Eiouvare stenificant predictors fomlanymwot ithe three achtevementitlevels:, 
It should be noted, though, that in TABLE XXI participation is almost 
Srautricamy, ongene: higier category achievement) score. There is: thus’ no 


eyvidencet-to rejecti thisithypothesis. 


HYPOTHESIS 5.2 

It was postulated that no significant differences in the three 
levels of achievement scores existed between participant and non- 
participant boys and girls when reading and pre-test were used as 
predictor variables in treatment A. (No significant: interaction effects 
were also assumed. Results for this hypothesis are tabulated in TABLES 
XX to XXII. 

Interaction effects were not foundsto be signiticant. 

Neither sex nor participation were found to be significant 
predictors on any of the three levels of achievement serving as 


criterion variables. 
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TABLE XX 


CONTRIBUTIONS OF VARIABLES IN TREATMENT A 
WITH COMPOSITE ACHIEVEMENT SCORE AS CRITERION 


VARIABLES R df 
Zee L144 20250 6 
tg 45 1710 +050 S| 
Zee eco Or WO a9 4 
oe f= 8 oO, 90 4 
3-4,. 11-14 0.50 6) 
3-4, J=10 0.50 8) 
3=4, 9-10 0.50 4 
3-4, or 70750 4 
VARIABLES 

1 = participation 

2 = non-verbal I.Q. 

3 = reading 

4 = pre-test, total 
achievement 

D> = post-test, total. 
achievement 

6 = sex 


TEST 


INTERACTION 


SEX 


PARTICIPATION 


INTERACTION 


SEX 


PARTICIPATION 


11-14 


MODELS df F PROB, 
Lig? 7G Oe C0 Naps 
PSS W946 0.60 Neo. 
paae: 1/94 0.04 Neos 
SHAS) 1/935 70.002 3.5 
On / V/94 0. -OO0L IN. 6. 
6:8 EA RO Saal Nei. 

boys 

girls 

participants 


non-participants 


treatment cells 
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TABLE XXI 


CONTRIBUTIONS OF VARIABLES IN TREATMENT A WITH 
HIGHER CATEGORY ACHIEVEMENT SCORE AS CRITERION 


VARIABLES R? df TEST 
2p a4, Late: 0.350 6 
INTERACTION 
Zee SLO a 50 5) 
SEX 
Zee O29 4 
PARTICIPATION 
Praag tm (6 00.26 4 
3-4, 11-14 0.30 6 
INTERACTION 
3-4, 1-10" 70.30 S 
SEX 
3-4, 9-10 0.30 4 
PARTICIPATION 
3-4, Tied At eras) 4 
VARIABLES 
1 = participation 7 
2 = non-verbal 1.Q. 8 
3 = reading 9 
4 = pre-test, higher 10 
category 
5 = post-test, higher 11-14 
category 
6 = sex 


MODELS df 


ez 93080. 
Zn ig PEYAS AO 


2:4 L9G 43. 


DPS) 1/94 QO. 
6:7 i BSA ely 


6:3 1/94 55; 


boys 
girls 
participants 


non-participants 


treatment cells 


Ol 


63 


N. 


iN 
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TABLE XXII 


CONTRIBUTIONS OF VARIABLES IN TREATMENT WITH A 
LOWER CATEGORY ACHIEVEMENT SCORE AS CRITERION 


MODEL VARIABLES R df 
a 2eahgudd=l4er0n52 6 
2 204 ,6a¢=10ic 0552 5 
3 ewe, «9-10 0.52 4 
4 Zip He 17 8 Stet SL 4 
5 3-4, 11-14 Oro 2 6 
6 5-49" f= 10) 0252 5 
7 3-45. 9-10" 0.52 4 
8 Bah, 6.57 -269 GOt51 4 
VARIABLES 
1 = participation 
2 = non-verbal 1.Q. 
3 = reading 
4 = pre-test, lower 
category 
5 = post-test lower 


category 


sex 


TEST 


INTERACTION 


SEX 


PARTICIPATION 


INTERACTION 


SEX 


PARTICIPATION 


11-14 


MODELS df F 


oF 1% 940205,09 


boys 
girls 
participants 


non-participants 


treatment cells 


90 


PROB. 


Discussion of Hypotheses 5.0 to 5.2 

With pre-test, I.Q. and reading as predictor variables, no marked 
difference in achievement was apparent between boys and girls. As 
shown in TABLE XIIi initial differences: present in the pre-test had 
disappeared on the post-test. Evidently, the guidance provided was 
sufficient to cause any differences to become insignificant. 

Differences between participants and non-participants were not 
found to be significant for either composite or lower category 
achievement. 

With the pre-test used as a predictor of post-test achievement 
a significant difference was obtained for higher achievement between 
participants and non-participants. With the inclusion of I1.Q. and 


reading as predictors, this difference, becomes non+sdgnificant. 


HYPOTHESES 6.0 and 6.1 

These two hypotheses postulated that verbal participation in the 
classroom is independent of both sociometric and academiometric 
position. 

Based on analysis given in TABLE XXIII, participation is seen 
to be independent of sociometric position. Thus, there is no evidence 
to reject hypothesis 6.0. 

From TABLE XXIV, the hypothesis of independence of verbal 


participation and academiometric position must be rejected. More stars 


participated than would have been expected under the assumption of 
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TABLE XXIII 
PARTICIPATION AND SOCIOMETRIC POSITION 


NUMBER OF PERSONS OBSERVED AND (EXPECTED) IN EACH CELL 


PARTICIPANTS NON PARTICIPANTS 


STARS 30 25 
(lbs 6) C2 3i5e) 

LSOLATES Sis) 23 
(35). 2u) C24...) 


2 
y #=)0.370,. df= 1, Nas. 
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TABLE XXIV 


PARTICIPATION AND ACADEMIOMETRIC POSITION 


NUMBER OF PERSONS OBSERVED AND (EXPECTED) IN EACH CELL 


PARTICIPANTS NON-PARTICIPANTS 
STARS 45 Ve 
5-0) C3170) 
ISOLATES 3h) 79 
C7030) (67.0) 


2 
x = 13.18, df = 1, p <0.001 
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independence. In like manner, fewer isolates participated than would 


have been expected if the two factors were independent. 


HYPOTHESIS 7 

TABLE XXV contains an analysis pertaining to sex and participation. 
The results indicate that the assumption of independence must be rejected. 
More boys and fewer girls participated than would be expected were sex 


and participation to be independent. 


—_ $$ — ———— ee 


Previously in this study it was seen that sociometric Choices were 
not based upon academic achievement in the classroom. In data relating 
to Hypothesis 6.0 there is no evidence to suggest that a student's 
circle of friends is connected with classroom participation. It would 
thus appear that friendship between students is based upon considerations 
other than classroom activities. Seemingly, therefore, school success 
is not likely to be enhanced by student-student social acquantanceship. 

Academiometric position and participation cannot be considered 
to be independent of each other. In general, more stars and’ fewer 
isolates tend to participate than would be expected under an assumption 
of independence. 

From this study sex and participation could not be regarded as 
independent factors. More boys and fewer girls participated than would 
be expected were these two factors to be independent. As suggested by 
Gallacher (p. 17,7 1967) a social reason may be operative here. ~Giris 
may not feel as free to express themselves in a classroom as do-the 


boys, at least in this subject field. In. addition, in this study it was 
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TABLE XXV 


PARTICIPATION AND SEX 


NUMBER OF PERSONS OBSERVED AND (EXPECTED) IN EACH CELL 


PARTICIPANTS NON-PARTICIPANTS 
BOYS 98 47 
(Cyenk) (67.9) 
GIRLS 62 94 
S279) C7331) 
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found that boys achieved significantly better in the lower achievement 
categories than did girls. This difference in background of knowledge 
may also have had an inhibiting effect in decreasing participation by 


girls. 


HYPOTHESIS 8.0 
This hypothesis speculated that written questions by participants 
and non-participants in treatment C would have a similar distribution 
along Suchman Categories. Analysis of the data appears in TABLE XXVI. 
In order to be significant at the 0.05 level the absolute value 
of the difference between the two cumulative proportions must exceed 
the. value. of 


7G» 


ie? where N 
1 seen | esa > 1 


Ny x N, and Ny = 855 


With substitution of the values-for Ny and Ny Ene CEitical value is 
0. D69,. 

As recorded in TABLE XXVI, the maximum difference obtained 
between cumulative proportions is 0.091. As this value exceeds the 
allowable difference of 0.069 at the 0.05 level, the null hypothesis 
would have to be rejected. It would appear that the two samples did 
not arise by random sampling from the same population. 

The distribution of questions written, by the two groups is 
steniticantiy, different... A perusal of TABLE XXVI reveals that the 
non-participants had already : hotals or 277/31. .0%.theiriwritten 


questions inthe Categorical Verification Category, as opposed to 22417 


for the participants. At this point, however, the distribution is still 
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TABLE XXVI 


NUMBER, PROPORTION, CUMULATIVE PROPORTION AND DIFFERENCE 
BETWEEN CUMULATIVE PROPORTIONS OF WRITTEN QUESTIONS 
CLASSIFIED ALONG SUCHMAN CATEGORIES FOR TREATMENT C 


QUESTION TYPE 


CATEGORICAL 
VERIFICATION 


Nominal 
Normative 


ANALYTICAL 
VERIFICATION 


Descriptive 
Comparative 
Structural 
Properties 


IMPLICATION 
QUESTIONS 


Diffuse 
Directed 
Elimination 
Substitution 
Addition 
Concrete 


TOTALS 


NO. 


i232 
24 


249 


PARTICIPANTS 

BROE, CUM. NO. 
OFS 7S OLS 7 13Z 
On054 106224 50 
O2353, 6 0o 74 329 
Os052.. 0.626 42 
0.017 0.643 24 
O703/5.07700 41 
OF0 29S nOie/ oF 42 
OS167 ADAI0G 80 
050037 20.909 4 
0039 0.948 Buh 
0.000 0.948 0 
Q5052 BF. O00 30 

855 


705 


* Absolute value of 


difference is 


eee Higuiticant difference 


Maximum difference observed 


PROPS 


OF213 
0.058 


Ores oe, 
0.049 
0.028 
0.048 


0.049 
05033 
0.005 
0.036 
0.000 
0.36 


given 


NON-PARTICIPANTS 


CUM. 


08213 
OZ A 


0,656 
OF 705 
On 735 
Omer 


0.830 
019723 
O.926 
0.9604 
0.964 
1.000 


DIFFERENCE* 


0.026 
0.050 


0.082 

0.0 795% 
0.090%*%* 
0.081** 


0.091**! 
OTOL? 
C2012) 
0.016 
0.016 
0.000 
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not significantly different. Throughout the Analytical Verification 
Category, though, there is a significantly different distribution. The 
maximum difference is attained in the Diffuse subcategory of Implication 
Questions. Of the total number of questions written by each group, 
83.0% of these were, for the non-participants, within the Nominal to 


Diffuse categories, as compared to 73.9% for the participants, a 


difference of 9.12. 

The difference between the two groups diminished considerably 
with the Directed question, the cumulative percentage for the 
participants being 90.6% and for the non-participants 92.3%, a 
ditrerence of 1.72. 

On the basis of the analysis this null hypothesis must be 


rejected. 


HYPOTHESIS 8.1 

It was considered possible that student questions in all 
treatment groups would form a similar distribution when classified 
along Suchman Categories. Analysis of the data for this is reported 
in TABLES XXVII to XXX. 

From TABLE XXVIII, it is seen that the value of 0.083 required 
for significant difference is exceeded by the value 0.095 between 
treatments A and Bb. The significant difference value of 0.086 is not 
exceeded between treatments A and C, as the maximum difference of 
0.039 between the two groups is well below the allowable amount. For 
treatments 2B and C the maximum observed difference of 0.108 is more 


than 0.084, the amount designating a difference in distribution. From 
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CATEGORICAL 
VERIFICATION 


Nominal 
Normative 


ANALYTICAL 
VERIFICATION 


Description 
Comparative 
Structural 
Properties 


IMPLICATION 
QUESTIONS 


Diffuse 
Directed 
Elimination 
Subst tution 
Addition 
Concrete Con 


TOTALS 


AVERAGE NUMB 
OF QUESTIONS 
ASKED PER - 

PARTICIPANT 


TABLE XXVII 
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NUMBER, PROPORTION AND CUMULATIVE PROPORTION OF CLASSROOM 
ENQUIRY QUESTIONS CLASSIFIED ALONG SUCHMAN CATEGORIES FOR 
TREATMENTS A, B AND C 


E 
NO. 


17a. 


C.F V8 


601 


ER 


PROP. 


0.082 
0.010 


Oe) 
0.042 
0.1035 
0.090 


OF052 
OMS 
0.010 
OSL0L 
0.000 
05095 


Lis 


TREATMENT A 


CUM. 
PROP. 


0.082 
O92 


-o77 
0.419 
0.454 
0.544 


02596 
0.794 
0.804 
0.905 
02905 
1.000 


TREATMENT B 


NO. 


PROP, 


0.061 
0.014 


0.342 
07029 
0.061 
O2095 


0.089 
0.081 
O2:004, 
0.107 
0.002 
0.108 


IES) 


CUM. 
PROP. 


0.061 
ORION Es; 


0.417 
0.446 
0.507 
0.602 


O69. 
OR. 2 
O27 G9 
0.890 
02892 
1.000 


NO 


shy) 


TREATMENT C 

PROP. CUM. 

PROP. 
On0ad “O07 051 
OFOLI 0. O70 
Visa: TOs 399 
02059 0.458 
0.026 0.484 
OF G54". 07538 
0.045 0.583 
Onto. 0.758 
0.026 0.784 
Owie2 0.916 
O.000 0-916 
0.084 1.000 
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TABLE XXVIII 


ABSOLUTE VALUES OF DIFFERENCE IN CUMULATIVE PROPORTIONS 
FOR TREATMENTS A, B AND C AND DIFFERENCE REQUIRED FOR 


QUESTION TYPE 


SIGNIFICANCE AT 0.05 LEVEL 


Maximum difference 


TREATMENT A&B 


GCATHGCOREGAL 
VERIFICATION 
Nominal O02 1 
Normative ONOL7 
ANALYTICAL 
VERIFICATION 
Descriptive 0.040 
Comparative O}027 
Structural 0.053 
Properties 0.058 
LMPLICATION 
QUESTIONS 
Diffuse 0.095%! 
Directed O02.) 
Elimination 02021. 
Substitution OnOLS 
Addition O8013 
Concrete 0.000 
DIFF. REQUIRED 
FOR SIGNIFICANCE** 0.083 
* otenititeant: ditrerence 
*Kx* 
expression 
Te eee bases 
ny x Ny 


TREATMENTS A&C 


2 


Oe0sd: 
OP022 


0.022 
02039 
O00 
0.006 


O20T3 
0.036 
02020 
OsOT1 
OrOraL 
0.000 


0.086 


TREATMENTS B&C 


0.010 
0.005 


018 
rg Bite 
eae: 
.064 


SSE 


0.108%: 
Os Om 
0.001 
0.026 
0.024 
0.000 


0.084 


Obtained by substituting totals from TABLE XXVII into 
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ee 
= 5 em 


Dad SSA 


VED 40 


200.0 


Bi) 
are 
E200 
adO 0 


be MOL aD 
10,0 
COA 
oRG(' 
#h0.0 
fx, O 


dO0,.0 
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NUMBER, PROPORTION AND CUMULATIVE PROPORTION OF CLASSROOM 
ENQUIRY QUESTIONS CLASSIFIED ALONG SUCHMAN CATEGORIES FOR 


QUESTION TYPE 


CATEGORICAL 
VERIFICATION 


Nominal 
Normative 


ANALYTICAL 
VERIFICATION 


Descriptive 
Comparative 
Structural 
Properties 


IMPLICATION 
QUESTIONS 


Diffuse 
Directed 
Elimination 
Substitution 
Addition 
Concrete 


TOTAL 


TABLE XXIX 


I.Q. EQUATED GROUPS OF TREATMENTS A, B AND C 


NO. 


33 


124 


TREATMENT A 


PROP. CUM. 


0507/2 
0,015 


O20 43 
0.084 


0.274 
0.054: 
0.038 
0.095 


Oe e sre: 
0.409 
0.447 
0.542 


0.057 
Os 223 
0.013 
0.097 
0.000 
0.068 


O99 
OseZ2 
03835 
(lees ey 
02932 
1.000 


NO. 


om | 
10 


Sys: 


PROP. 


0.061 
05023 


On3 50 
OR027, 
0.054 
Onl 23 


0.059 
0.045 
0.016 
0.126 
0.000 
OnLLO 


TREATMENT B 


CUM. 


0.061 
0.084 


0.434 
0.461 
Osa 
0.644 


On 03 
0.748 
0.764 
053890 
0.890 
1.000 


NO. 


14 


101 


TREATMENT C 
PROP.. CUM. 
0.046 0.046 
0.016 02062 
Oe 25 Or J07 
0.049 0.436 
OS023 0.459 
0.056 0. 5L> 
0.043 O56 
0.5203 O27 OL 
0.010 Die tered 
Oaths 0.889 
0.000 0.889 
QO «1 do) 1.000 
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TABLE XXX 


ABSOLUTE VALUES OF DIFFERENCE IN CUMULATIVE PROPORTIONS FOR 
I.Q. EQUATED GROUPS OF TREATMENTS A, B AND C AND DIFFERENCE 
REQUIRED FOR SIGNIFICANCE AT 0.05 LEVEL 


QUESTION TYPE TREATMENTS A&B TREATMENTS A&C TREATMENTS B&C 


CATEGORICAL 

VERIFICATION 

Nominal 020.12 O2027 OFOL5 

Normative 0.000 0.022 0.022 

ANALYTICAL 

VERIFICATION 

Descriptive 0.076 0.029 0.047 

Comparative O02 0.027 . O3025 

Structural 0.068 OF012 0.056 

Properties 0.102% 0.027 0.129% 
IMPLICATION 

QUESTIONS 

Diffuse 0.104% . 208041 0.145% 
Directed 0.074 O..061 ORO tes 

Elimination 02071 0.064! 0.007 

Substitution 0.042 0.043 0.001 

Addition 0.042 0.043 0.001 

Concrete 0.000 0.000 0.000 


DIFF. REQUIRED 
FOR SIGNIFICANCE** 0.091 0.100 O10 


* Sienit Cant dat rerence 


** Obtained by substituting totals from TABLE XXX into 
€ Dis baa irs 
expression i6 ik Z 


Maximum difference 


LOS 


this analysis it is to be concluded that the question distributions 
along Suchman Categories are significantly different between treatment 
groups A and B and also between groups B and C, but not between 
treatment groups A and C. 

As recorded in TABLE IV differences occur between the 1.Q.'s of 
the participants in the three treatment groups. It was felt that 
compensating adjustments should be made so as to have either a statis- 
tical-control on 1.Q., or matching between groups. FIGURE I shows a 
frequency distribution for fluency of verbal enquiry, which is seen to 
vary greatly from normality. It was thus impossible to use statistical 
means to adjust for I1.Q. An alternative procedure to statistical 
agguetment iS a mechanical one. It wassfound that) 1.Q. could be 
equated, as shown in TABLE XXXII when three classes were chosen from 
each of treatments A and C, and two from treatment B. 

With no significant differences between I.Q.'s for the sample 
classes chosen from the three treatments, TABLES XXIX and XXX contain 
an analysis testing the distribution of questions asked during the enquiry 
periods.| Results identical to’ those already reported are seen to 
prevail. 

At ther95 percent “level ommeonftidence there is) no significant 
difference in question distributions along Suchman Categories between 
treatment groups A and C.” A’ significant difference, however, exits 
between groups A and B and also between B and C. The null nypothesis 
must thus be-rejected for the latter two cases. No reason is evident 


to reject the null hypothesis as applied to treatment groups A and C. 
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TABLE XXXI 


NUMBER OF PARTICIPANTS OBSERVED AND (EXPECTED) 


GROUP A 


PARTICIPANTS 3m) 
(52256) 

NON-PARTICIPANTS 46 
(46.4) 


GROUP B 


60 
CS2a1) 


38 
(45.9) 


O10) =p 0405 


GROUP C 


47 
(35)20) 


, 
(48.7) 
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GROUPS 


GROUPS 


GROUPS 


MEANS, STANDARD DEVIATIONS AND t TESTS TESTING FOR 1.Q. 
BETWEEN REDUCED PARTICIPANT GROUPS A, B AND C 


38 


38 


38 
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TABLE XXXII 
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Discussion of Hypotheses 8.0 and 8.1 

Using a Kolmogorov-Smirnov two sample test a significant 
difference in distribution, along Suchman Categories, is noted in the 
written questions of treatment C. Seventy percent of the written 
questions of people who ultimately became participants were Verifi- 
cation questions compared to 78.1% for non-participants. The maximum 
difference between the two groups was attained in Diffuse questions, 
where the difference was 9.1% (TABLE XXVI). A marked decrease in the 
difference between cumulative proportions is seen in the Directed 
question category. This decrease is due to the participants having 
written a higher percentage of Directed questions than did the non- 
partacipants,.4 16.74 of,ali_the>questions,written; by, the.participants 
were Directed, compared to 9.34 for the non-participants. 

The two question categories, Diffuse and Directed, encompass 
student attempts to hypothesize relationships between variables. 
Directed questions, however, involve much more risk than do Diffuse 
ones. Using examples from the enquiry session transcript an example 
of a Diffuse question, (asked in the film BOILING), is: ''Did the ice 
have anything to do with it?" For the same film an example of a 
Directed question is: "Did placing the ice on the flask cause a 
partial vacuum in the flask and allow the water to start boiling 
again?" Comparing the two questions a student is placing more of his 
own thoughts intowthe dattersquestion than, into, the.first,.which is a 
relatively 'safe' question to ask. 

Although TABLE XXVI shows that the significant difference of 


0.069 obtained by the Kolmogorov-Smirnov test, is exceeded throughout 
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Descriptive to Diffuse questions inclusive, it must be noted that this 
occurred as a result of a cumulative increase in the difference. Only 
in the Directed questions has an abrupt change taken place, wherein the 
difference has altered from 9.1% between Diffuse to 1.7% between 
Directed questions. If any main conclusions to be drawn from this 
data it must be that the participants were more willing to ask specific 
cause and effect questions than the non-participants were. 

For Hypothesis 8.1, a significant difference in the distribution 
of classroom questions was obtained between treatment groups A and B 
and also between B and C. No such difference was found between A and 
C, from data recorded in TABLE XXVIII. Three possible questions 
could be asked about these results. Was the result a function of 
treatment, or intelligence, or a combination.of both? As the questions 
did not even remotely form a normal distribution (FIGURE I) statistical 
adjustment of »1:Q.) could not»bet used. | Dtewas>) found, however, ‘thats by 
taking three classes from each of treatments A and C and two from 
treatment: By, three. groups: could) bes formedy such that’ no significant 
differences in group I.Q.'s existed (TABLE XXXII). Analysis of data 
from these three groups yielded the same results as for the complete 
groups, including all twelve classes; namely, differences between A and 
B and between B and C were significant, but were non-significant 
between A and C. (TABLE XXX). 

A studytof TABLE XXixjifor thes InQ. equated groups,;! reveals 
certain salient points. (The same trend is evident from TABLE XXVII, 
forea lil cwollve classes, though the percentages differ somewhat from 


those of TABLE XXIX). Of all the questions asked by eaci group, 54.2% 
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of those by treatment A dealt with some form of Verification, while 
treatment B and C students asked 64.4% and 51.5% respectively. Already 
at this point differences between A and B and also between B and C are 
Significant. 

All three treatment groups asked nearly equivalent percentages 
(57, 5.95" and 473 for A,B and’*C respectively) of Diffuse questions’. 
The most outstanding difference, however, exists in Directed questions. 
these values are: 22.37, 4.5% and 20,37 for treatments A, B and C 
respectively. This illustrates that both groups A and C asked much. 
greater percentages of specific cause and effect questions than did 
group B. It would appear reasonable that group A should ask more of 
these questions than would group B, as the former had the pre-test as 
a guide and a source of stimulation. It is not so readily apparent 
why group C should do this. 

It is reasonable to suspect that human motives and aspirations 
have a bearing pont ches result. It’ was found that for the first few 
minutes of the enquiry session questioning proceeded at a "furious" 
pace which gradually diminished. By the end of the enquiry period, 
relatively long moments of silence were encountered between questions. 
It is conceivable that some students who wished to ask questions (to 
participate) just asked a sufficient number until they themselves felt 
satisfied that they were ''on the record", and that their presence was 
noted. For the satisfaction of this motive it was easier and much 
safer.to ask "Was "that water in’ the beaker?", than’ to ask "Did the 
water boil" the’ second time™because of 6457" “It was® found’ that at 


times these verification questions were repeated two or three times 
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during the enquiry period. It is, of course, possible that the student 
had forgotten the answer, but more probable that tne student, wanting 
to ask some questions, asked a safe one. 

At other times questions which had already been answered were 
simply repnrased and asked again. An example of this is illustrated by 
the following two questions asked in sequence in a treatment B class; 


Student 1: "Was that boiling water in the container?" 
ANSWER, Yes. 


Student 2: "Was the water boiling?" 
ANSWER, Yes. 


People in treatment group C may not have felt the same compulsion 
to ask questions in the other two treatment groups. Data relevant to 
this point is presented in TABLE XXXI. Tnough the analysis does not 
offer any rejection of independence of group treatment and participatio 
the results are not that conclusive, as the probability value is only 
slightly nigher than 0.05. Only in group A are the observed and 
expected numbers of participants and non-participants almost identical. 
In treatment B more people participated than would have been expected, 
while in treatment C fewer than expected participated. Furthermore, 
the average number of questions asked per participant was less in 
treatment C than in any of the other two treatments (TABLE XXVII). It 
thus appears reasonable to suggest that treatment C students may not 
have had as great a drive to ask questions as in the other treatments. 

Though the drive factor is only a postulate attempting to 
explain group behaviour, it would appear to have a certain degree of 
merit. Students in treatment C were given an opportunity to submit 


questions in writing. This may have had implications wnich originally 
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were not considered nor intended. In their own minds some students 
may have felt that since they had had a personal correspondence with 
the researcher their questions would be known by him. ‘his in turn may 
have lessened the drive to ask questions just for tthe sake of recognition. 

The types of questions asked were found to differ as the enquiry 
period progressed. Questions in each treatment group were divided into 
three equal parts. In all groups verification questions were more 
pEcCdeminant during the first» third of the enquiries but decreased 
progressively as more implication questions were asked in the latter 
stages of questioning. 

In summary, the main conclusions to be drawn for Hypothesis 8.1 
are that, on the basis of this study, differences do exist in the 
Suchman distribution of questions when treatments, as have been des- 
Gtived- are Wsea. 8 lhe outstanding diiterence as in) the percentage: of 
specific cause and effect questions asked by the three treatment groups. 
The unguided enquiry group asked a significantly higher percentage of 
Verification questions than either of the other two groups. The latter 
two groups consequently were more involved in attempting to determine 
causes, to explain the effects seen in the films. By inference the sub- 
mission of written questions by students in group C may have had an effect 
in partially satisfying a human need of recognition. A partial satisfaction 
of this may have been instrumental in reducing the number of people moved 
to participate, as well as reducing the average number of questions which 
were asked per participant. It is possible that those which were asked 
in treatment C, were asked less for personal need satisfaction and more as a 


result of curiosity to obtain a solution to the problems snown in the films. 
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CHAPTER V 


SUMMARY, CONCLUSIONS, AND IMPLICATIONS 
I. SUMMARY 

The main aim of this study was to test the effect of verbal 
participation during enquiry sessions. Other factors investigated 
were: intelligence characteristics of participants and non-participants, 
question categories for each treatment group, (for each of the three 
subject matter films), and categorization of written questions for both 
participants and non-participants of treatment group C. 

The Suchman Model was used to delimit the study. This is a 
model of enquiry based on information processing. It defines a system 
of question categories according to the function of the question posed 
imrclassroomtenquirys.e To«facilitate “catesorization, “the -students’ were 
asked to structure their questions so as to receive "yes" or "no 
answers. Control of information input ea accomplished by viewing a 
silent film of each of the problems used in the study. All students 
in the study saw the same three films. 

Twelve randomly selected grade VIII classes were used for the 
Study. These were randomly assigned to three treatment groups of four 
classes each. All treatment groups were first shown a film. In 
treatment A a test was administered following the filmed presentation. 
This test consequently served as guidance for the subsequent enquiry 
session, “The remaining two groups, not having the advantage of a 
pretest. wengaced unmameuidedridiscovery. Sistudents in’ treatment’ C were 


asked to write five questions on paper, after having viewed a film. 
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This was to determine whether any detectable differences existed in the 
categories of questions posed by the two groups consisting of participants 
and non-participants, during the enquiry session. 

Control variables used in the interpretation of the analysis included 
the following: a Lorge-Thorndike Non-Verbal Intelligence Test Form B, a 
Gates Reading Survey Level 3, a sociogram, an academiogram and an 
achievement test. The achievement test was based upon content shown in 
the films, and was constructed along categories of Bloom's Taxonomy. 
Sixteen items were in the higher categories of the Taxonomy and fourteen 
items were in the lower categories. In many cases, statistical analysis 
was conducted with three separate achievement scores, namely, total 
achievement based upon the complete test of thirty items, and also 


achievement based upon higher and lower categories, separately. 


II. CONCLUSIONS 
Lees convenient to croup Ene contents oF this=cection under 
three headings. The conclusions deal with characteristics of students, 


test performance and question analysis. 


Characteristics of Students 

In all treatment groups participants obtained higher mean I1.Q. 
scores than did the non-participants. A significant difference in 
reading comprehension was obtained between participants and non- 
participants of treatment group B. No such difference was apparent 


for -eLther jor treatment “groups ALor C. 
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Norditterences: in-either L.Q.,- reading performance, or varied 
levels of test achievement were found between participating sociometric 
stars and isolates, nor between non-participating stars and isolates. 
Similarly, no significant differences were obtained in any of the above 
mentioned criteria between participant and non-participant stars, or 
between participant and non-participant isolates. 

Using 1.Q., reading and varied levels of test achievement as 
criteria, no significant differences were observed between participating 
and non-participating academiometric stars, or between participating and 
non-participating academiometric isolates. Markedly significant 
differences on all criteria were found between participating academio- 
metric stars and isolates, and also between non-participating stars and 
tsolates. 

Whether or not: a’ student’ participated during’ the enquiry session 
was found to be independent of sociometric position in the classroom. 
Participation and academiometric position in the classroom, however, 
were found to be dependent factors. More stars and fewer isolates 
participated than would have been expected under an assumption of 
independence. Sex and participation were, likewise, found to be 
dependent upon each other, as more boys and fewer girls participated 


than were expected. 


Test Performance 
A summary of the results is piven in, TABLE XEXILTL, 
Using predictor variables, as listed in TABLE XXXIII, composite 


and higher achievement scores between groups are significantly affected 
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TABLE XXXIII 


I.Q., READING AND SEX AS PREDICTOR VARIABLES WITH POST 
ENQUIRY COMPOSITE, HIGHER AND LOWER ACHIEVEMENT AS CRITERIA 


PREDICTORS at 2 3 4 5 6 7 8 o 10 see 12 
INTERACTION ns ns ns ns ns ns ns ns ns ns ns ns 
PARTICIPATION S S ns ns S S S S) ns ns ns ns 
TREATMENT s) S) S S S S S S) ns ns ns ns 
SEX Ni 455 Nip ens S) Ni *p NL . nis ns NI* NI* ) S 
* Not included as a variable in the analysis. 
i L.Q. serving as a predictor of composite achievement. 
2. Reading serving as a predictor of composite achievement. 
3. 1.Q. and sex serving as predictors of composite achievement. 
4. Roadie and sex serving as predictors of composite achievement. 
>. LeQ. serving as a predictor of higher achievement. 
6. Reading serving as a predictor of higher achievement. 
7. 1.0. and sex serving .as predictors of higher achievement. 
8. Reading and sex serving as predictors of higher achievement. 
a. 1:0. serving as a predictor of lower achievement. 
10. Reading serving as a predictor of lower achievement. 
Tl. £.Q. and sex serving, as predictors of lower achievement. 
12. Reading and sex serving as predictors of lower achievement. 
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by treatment procedures. At the lower category of achievement 
treatments, as used in this study, had no effect upon achievement. 

When sex was not included as a predictor variable, participation 
had a significant effect upon composite achievement. With the 
inclusion of sex as a predictor, this significance disappeared, indicating 
thereby more. of. a sex than participation characteristic. Participation 
did have an effect in. all cases upon higher) achievement, regardless of 
Ehe predictor, variables used. At the lower category level, however, it 
was immaterial whether students participated or not, as no marked 
differences were obtained when using the predictor variables. 

[The sex of, the,student,.had noabearingyupon) achievement fors the 
higher category, but was significant for the lower category. Using the 
different predictor variables, as listed in TABLE XXXIII, boys performed 
Slenificantly better than.giris., Using readingsand«sex asypredictor 
variables it was found that sex also had an effect upon composite 


achievement. 


Question Analysis 


In the analysis of questions written by students in treatment 
group C, a significant difference is observed throughout the Analytical 
Verification Category between students who subsequently became 
participants and non-participants during the enquiry session. Non- 
participants wrote a higher cumulative percentage of questions in this 
catecory.. A. maximum difference occurred) am ithesnext! catesony. Di rected, 
as participants wrote a substantially higher percentage of their 


questions in this category than did the non-participants. 
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From analysis of classroom questions no significant differences 
were evident between treatment groups A and C. Differences were 
obtained, though, between treatments A and B and also between B and C. 
In both of these latter cases the maximum difference was present in the 
Diffuse category (TABLES XXVIII and XXX). Students in treatment 
group B had asked a significantly higher cumulative percentage of 
questions to ithe “endtof the Diffuse category; cthan.in jeither of ‘the 
other two treatments. 

Although a test of whether participation and treatment were 
independent factors barely failed to attain statistical significance, 
a number of observations can be made (TABLE XXX1). Only in treatment 
group A are the observed and expected numbers of participants almost 
identical In treatment B more people participated than would have 


been-expected, while in treatment C fewer than expected participated. 


Il. IMPLICATION 

Group Dynamics 

From the data available from this study it would appear tnat 
student participation in the classroom is associated with a higher level 
of achievement. With classroom groups of thirty students it is possible 
for many, students to remain silent, 1f participation is* to be lett on a 
voluntary basis. As with Gallagher's study (1961) those who participated 
in this study possessed a significantly higher I.Q. than did the non- 
participants.” These: Gactors Ai tai indieatesone Ori theyaspeects..for 


which a teacher is responsible. Students who shun voluntary participation 
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should be encouraged to take an active part in the day's lesson. Even 

if the student's contribution is limited to the most elementary questions 
in the Suchman scheme presumably such active participation, coupled with 
perhaps a desire to please, could potentially make the individual more 
receptive (toatherquertés yof tothers in “the elassroom: 

The direc canes of T2Qeehas ran implication®for “teaching The*non= 
participants who are encouraged to participate should be provided with 
verbal tasks which are commensurate with their ability. With direction 
provided by a teacher the enquiries could become increasingly aimed at 
a solution to the problem under study. Encouragement of individual 
inquiry and recognition of the student's ability with this mode rests 
in the hands ‘of the classroom teacher. It may well be that one of the 
most important roles\#ofvantinguirys teacher isto bema *directorrot 
group processes. 

During an enquiry period a teacher must frequently make value 
audgmentsitregarding tthesintent: of the questions '6in titis%s tidyiit 
appeared that student questions, at times, seemed preoccupied with 
presenting a correct answer and an attempt to win approval. The 
teacher's efforts should alter the emphasis to the problem, the search 


and challenge which the problem poses. 


Guidance 
Guidance, in this study, was defined as tlie amount of information 


given to students prior to the inquiry session. This information 
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was provided by means of a task oriented process, namely the pre-test 

to Group A. With adjustment for initial ability, it was found that 

the highest mean achievement in both the composite and higher category 
was attained by this group given maximum guidance. The lowest mean 
achievement was obtained by the group having had no previous task 
erlented exercise prior to enquiry. This has”implications for” teaching. 
It would appear that students require a basis upon which to engage in 
enquiry, and which enables them to better comprehend the subject 

matter under enquiry. Perhaps by such actively engaged task processes 
students are able to assimilate material at other than a verbal level 
as suggested by Piaget (1964, p. 3). These suggestions are partially 
borne out by the fact all treatment groups attained almost an identical 
Geore on knowledge and comprehension items (lower achievement category). 
Apparently tir these Lleems. the eClrect 1 giildance 1.6 1legiitoiple. 

The ative which an adequate background of knowledge has upon 
achievement is well illustrated by sex differences. Girls apparently 
tacking the "same degree of background for the subject matter used in 
this study, had a significantly lower mean achievement in the lower 
category than did the boys. 

HOD hurthers Research 

1. Prior to the eaquiry sessions, written questions were 
submitted by all students of one treatment group. It would appear 
Valuable tovassess “the effect of enquiry upon the questioning of both 


participants and non-participants alike. Such a comparison would 
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entail submission, following the enquiry session, of another set of 
written questions by all students. Analysis of pre and post enquiry 
written questions could possibly serve as an indicator of cognitive 
development arising from enquiry. 

2. In the current study, the achievement test was necessarily 
limited in scope as only so many questions could be asked about subject 
matter presented in three single concept films. A more reliable 
testing instrument could be constructed by using more films. Additional 
information could be obtained regarding the individual levels in Bloom's 
Taxonomy at which differences in achievement occur. 

3. As guidance was found to increase achievement, studies 
involving the role and degrees of different forms of guidance would be 
OF Merit. 

4, Using tests involving the higher mental processes, it would 
be informative to test whether students who normally are non-partici- 
pants achieve significantly better if they became participants. 

Do.) Li, participation: is a valid: predictor of achievement, as at 
was found in this study, then it would be useful tO investigate the 
factors which lead students to participate, 

6. It could possibly be informative to investigate any possible 
relationship between achievement tests and the depth along Bloom levels 
which students engage in participation. 

7. Tne enquiry strategy which an individual uses appears to be 
an unexplored area. Such a study could perhaps be accomplished by 


Suchman individual enquiry sessions. 
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8. Classroom enquiry strategy and its possible dependence upon 
problem type does not appear to have been investigated. This type 
of study, as also with that in number 6 above, could well aida 


teacher in his/her role as a group process director. 
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The following numbers were used by three people to categorize 


two lessons along Suchman Categories. 


NUMBER CATEGORY 
ik Nominal 
2 Normative 
3 Condition-description 
4 Condition-comparative 
5 Structural-component 
6 Properties check 
7 Diffuse 
8 Directed 
2] Elimination 
10 Substitution 
ig Addition 


i Concrete-conceptual 
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Questions asked by students following film labelled "BOILING". 


CATEGORIZATION 
1 it 1 Was the liquid water? 
Ans: Yes 
3 3 3 Was the substance put around that bottle cold? 
Ans: Yes 
i ur i Was the substance put around the bottle dry ice? 
Ans: No 
3 3 3 Were those plier things that he used made out of steel? 
Ans: Probably yes 
6 6 6 Does heat cause liquid to boil? 
Ans: Yes 
1 2 i Was the substance put around the flask some kind of 
ice? 
Ans: Yes 
1 3 3 Was that stuff ice? 
Ans: Yes 
3 3 S) Was the bottle glass? 
Ans: Yes 
12 12 12 Did the liquid have to be water? 
Ans: No 
4 3 3 Was there a temperature change in the water? 
Ans: Yes 
8 8 8 Did the object cause air pressure to build up? 
Ans: No 
8 8 8 Did the water boil again because the air was still 
hot? 
Ans: No 
3 5 5 Was the water boiling when the cork was put in? 
Ans: No 
4 4 4 Did ‘the water ‘boil-after the cloth with the ice 


was put around did the water boil again? 
Ans: Yes 
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Was it necessary to place the cloth around? 
Ans: Yes 


Was it necessary to put the cork on the bottle before 
you boiled it again? 
Ans: Yes 


After the water boils and you put a cork on it can 
the water cool? 
Ans: Yes 


Was the water boiling when it was taken off the bunsen 
burner? 
Ans: Yes 


Did the ice cause the water to reboil? 
Ans: It had something to do with it 


Was it necessary to put the cork in the container after 
you took it off the burner? 
Ans? Yes 


Did the ice create a partial vacuum inside the glass? 
Ans | ©6 Yes 


Does it matter what kind of cloth the ice was wrapped 
in? 
Ans: No 


Does tb matter what kind of bottle it is? 
Ans) No 


Does it matter if you don't use ice? 
Ans: No 


Could you use any substance at the neck of the bottle 
as long as it was cold? 
Ans: Yes 


Does the substance you put around the neck of the 
bottle have to be cold? 
Ans: Yes 


Did the substance he put around the bottle did it have 
to be put around the neck? 
Ans: Yes 
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CATEGORIZATION 
12 12 id 
10 10 10 
12 2 dy 
10 10 10 
10 10 10 
10 10 10 
1 7 3 
3 3 3 
1g i 12 
12 12 12 
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Did the liquid have to be water? 
Ans: No 


To make the water boil a second time can you pour cold 
water around the neck of the bottle? 
Ans: Yes 


Did the liquid in the bottle have to be water? 
Ans: No 


To make it boil a second time could you put it in hot 
water? 
Ans: No 


To make it boil a second time could you put some dry 
ice around the neck? 
Ans: Yes 


Would the water have boiled if you put it into hot 
water the second time? 
Ans: No 


Is vapor pressure involved? 
Ans: Yes 


Was there a partial vacuum inside the bottle? 
Ans: Yes 


Is it necessary to boil the water before you put 
thegiceton it? 
Ans: Yes 


Did the cork have to be placed on the flask? 
Ans; Yés 
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THE KNIFE 
CATEGORIZATION 
1 is 1 Was that water in that glass container? 
Ans: Yes 
: 3 3} Was that knife made of iron? 
Ans: Partly 
8 7 8 Did the heat cause the knife to bend? 
Ans: Yes it had something to do with it 
5 5 3 Was the blade very hot? 
Ans: Yes 
8 3 8 Was the knife dipped in the water to cool off? 
Ans: Yes 
8 7 8 Was it the water that caused the knife to go back 
to its original shape? 
Ans: Yes, partly 
7 lie 8 Did the rubbing of the cloth help to turn it back to 
its original shape? 
Ans: No 
3 3 3 Was the water at about room temperature? 
Ans: Yes 
8 7 y Did the cloth have anything to do with the knife 
bending? 
Ans: No 
S) 3 3 Was that burner gas? 
Ans: Yes 
3 | 3 Was the knife dipped into the water when the film 
first came on? 
Ans: No 
8 4: 8 Did the dipping of the knife like from the heat into 
the water change the molecules back into its original 
shape? 
Ans: Yes 
1 5 5 Was there a solution in the water? 
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CATEGORIZATION 
D 3 3 Was that cloth cotton? 
Ans: It could have been 
7 9 7 Did the rubbing of the cloth have any effect on the 
knife at all? 
Ans: No 
2 2 2 Was that knife an ordinary knife? 
Ans: No 
8 8 8 Did the water reverse, like when the knife bent from 
heat did the water reverse the action by being cold? 
Ans: Yes 
8 8 8 Did heat expand the molecules of the knife? 
Ans: Yes 
7 u 1 Did the water have any effect on bending the knife? 
Ans: Yes 
tbe 8 8 Did which side of the knife, like which side was on the 
flame, determine whether the knife turned up or down? 
Ans: Yes 
8 8 8 Could the heat make one part of the knife heavier and 
therefore make it bend? 
Ans: No 
5) 3} 3 Did the heat of the thing, of the burner stay constant? 
Ans: Yes 
3 5 3 Was the knife unequally heated? 
Ans: No 
12 3 3 Was it heated on different sides? 
Ans: Yes 
5 > 5 Was the knife a compound knife? 
Ans: Yes 
3 3 3} Could the knife have been made of solder? 
Ans: No 
hos 4 4 Was the knife held on the fire for the same time each 


time it was on? 
Ans: Probably yes 
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ACHIEVEMENT TESTS 
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THE KNIFE 


1. Which of the following statements tells what was done in the 
film? 


(a) The knife was placed into the liquid and then heated. 
L* (b) The knife was heated only once. 
(c) The knife was heated two separate 
times, and at both times on the 
same side. 
(d) The knife was heated twice, once Side (1) Side (2) 
on side (1) and once on side (2). 


2. For best results so that the knife would bend the handle should be 
made of: 


(a) woed 
Hs Cb) =plastic, 
CQ site 
(d) any kind of material. 


3. This film showed an example of a PHYSICAL CHANGE. Which of these 
diagrams also shows a physical change? 


4 


LY Ca 
(a) /)\ (b) (c) (d) 
Cy 
W) flora ae = 
a match a nail ice an egg 
burning rusting melting frying 


4, A copper knife was placed in the flame in the same way as the film 
knife was, but the copper knife did NOT bend. This may indicate 
that: 


(a) The film knife did not have any copper in it, 

L* (b) The flame was not hot enough, 
(c) The copper knife was harder than the film knife, 
(d) None of these. 


5. Which statement best explains why the knife bent as shown in 
Bie oe Oi 


CZ3—— 


Fig. 1 Fig. 2 


(a) Heat softenend the knife and then gravity caused it to bend. 
H** (b) The weight of the blade caused it to bend. 
(c) One side of the blade expanded more than the other and so 
causedicLt to bend. 
(d) None of these. 
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The knife became straight when placed into the liquid. This was 
probably due to: 


(a) 
(b) 


(c) 
(d) 


The 
One 
the 
One 
the 


effect of gravity pulling down’ the knife blade, 

Side ofthe knite blade“increasing more in“ length than 
other, 

side of the wmife. blade decreasing more in length)than 
other side, 


None of these. 


Look at the diagrams below and then pick one of the four statements 


which the diagrams appear to suggest. 


(a) 
(b) 
(c) 


(da) 


C2ZZ-——— ae 


KNIFE IN AIR KNIFE IN FLAME KNIFE IN LIQUID 


A flame can soften a metal knife and thereby cause it to bend. 


The 


temperature of the liquid is much less than that of the air. 


The temperature of the liquid and of the air must be nearly 
the same. . 

These diagrams do not allow comparisons to be made of 
temperatures. . 


Which of the following could happen to the knife shown in the film? 


(a) 


(a) 


(b) (d) 


TCE 


Which diagram shows what the knife blade was probably made of? 


(b) Ce) (d) 


CZZpemmemn | 77} zz73-— CZ 


Two pieces of Av hand’ metal. A springy” ‘or Two pieces of 
the same type "elastic" type different types 
of metal welded of metal. of metal welded 


together. 
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SIDE SIDE 
If the knife bends in the way shown in this diagram (4) @ (2) 
then which one of the other four diagrams also 
correctly shows the way in which the knife bends? 


(a) (b) (c) (d) 


SIDE (27) 
(1) 


ESSveet coxa” 


LLlaurp 


BOILING 


1. Choose the best answer to state what was seen in the film. 


(a) Tne liquid stopped boiling just after the cork was removed 
from the flask. 
L* (b) The liquid started to boil for the second time before the cloth 
was placed around the neck of the flask. 
(c) After the liquid started to boil for the first time there was 
a slight wait before the cork was placed into the flask. 
(d) None of these. 


2. When was the cork placed into the flask? 


(a) Before the liquid started to boil for the first time. 

L* (b) After the cloth was placed around the neck of the flask. 
(c) After the liquid had boiled for the second time. 
(d) None of these. 


3.) Invwhien "case would” the temperature of the liquid probably be the 
highest? 


(a) Just before boiling for the first time started. 
be <b) Boiling for the first time. 

(cy Boiling for “the second time. 

(d) When boiling for the second time stopped. 


4. In which case would you NOT get boiling for the second time as in 
che veitrin? 


(a) (b) (ey (d) 


H*x* 


fe 
CORK 


5. Instead of the way shown in the film which of the following 
methods may also make the liquid boil for a second time? 


(a) Pour boiling water around the neck of the flask. 
H** (b) Pour cold water around the neck of the flask. 

(oe)? Put the bottom of the flask*on a block’ of ice. 

(d) Put the™bottom of the flask in a bowl ‘of ‘hot water. 
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6. What is the most likely reason why the liquid boiled for the second 
time? 


(a) Putting the cork into the flask did not allow the liquid to 
cool and so it started to boil again. 
H** (b) The objects on the cloth caused air pressure to build up 
within the flask. 
(c) The objects on the cloth caused a partial vacuum to form in 
the flask. 
(d) None of these. 


7. When the vapor pressure of a liquid becomes greater than the 
pressure of sthes,cases above the liquid thengthe liquid. starts to: 


(4a) wGool, 
LS) <p) bork, 
(c) freeze, 
(d) increase in weight 


8. What is a probable reason why the liquid in tne flask stopped 
boiling for a second time? 


(a) All of the air dissolved in the liquid had boiled away. 
H** (b) The vapor pressure of the liquid became too high. 
(c) Not enough steam was left in the liquid to cause any bubbling 
action which occurs with boiling. 
(d) The temperature dropped too much, 


9. Choose the best answer to indicate the main thing that this film 
showed. 


(a) Heat is able to make a liquid boil. 

ie Cb) Botline Lasts: formonly as: longvas the liquid ts “‘hotgy. 
(c) A liquid can boil even when no heat is applied. 
Cd) Bbi.qu.ds. can sbod.). 


10. In doing the same experiment, which you saw in the ‘film, a student 
just brought the liquid in the flask to a boil, removed the bunsen 
burner and then quickly corked the flask. Which of the following 
statements best explains why the liquid in the flask did not boil 
as long,or as. much for the.second time as it did in the™film? 

(The student's experiment was not as successful as it was in the film). 
(a) As the liquid was just brought to a boil before the bunsen burner 
was removed it would appear that the tmperature of the liquid 

was not high enough. 
H** (b) Not enough of the air in the flask had been replaced by water 
vapor. 
(c) The flask should have been corked before the liquid started to 
BOI 
(d) Most of the air in the liquids had already boiled away. 
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BALLOON 


Which one of the following was NOT used in the film? 


(a) 
(b) 
ve) 
(d) 


ballon. 
can. 
tongs. 
string. 


Which of the following did NOT happen in the film? 


(a) 
(bd) 
(c) 


(d) 


This 


(a) 
(b) 
Ce) 
(d) 


Dimingeene Entire film the balloon increased in size only once. 
The man held the balloon in the tin can with a pair of tongs. 
After the balloon was removed from the tin can the man let 
some air out of the balloon. 

After being removed from the tin can the balloon had a coating 
on its surface which disappeared by the end of the film. 


tin can most likely contained? 


smoke, 

a collapsing gas, 
aw cold Material, 
a hot material. 


The facwsrtaumthietsizevometie bakloom jncreased when being filled 
with air shows that: 


(a) 
(b) 
(c) 
(d) 


air has weight, 

air exerts pressure 
aia: has) aywtemperature), 
air is colorless 


Which statement is most likely correct? 


(a) 
(b) 
(c) 
(d) 


If the temperature is raised the volume 
becomes smaller. 

If the temperature is raised the volume 
becomes larger. 

If the temperature is lowered the 
volume becomes larger. 


; VOLUME AND 
dere ee ge ae keen TEMPERATURE 
ia aa i CHANGES 


The balloon finally disappeared into the tin can because: 


(a) 
(b) 
(c) 
(d) 


some air escaped from the balloon, 

the balloon was forced into the can, 

the pressure in the balloon became greater, 
the pressure in the balloon became less. 
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7. After the balloon was taken out of the tin can the temperature 
of the air inside the balloon: 


(a) began to increase, 
H** (b) began to decrease, 
(c) remained the same, 
(d) increased at first but then began to decrease. 


8. When the balloon was taken out of the tin can it was smaller than 
before because: 


(a) The air inside weighed less, 
H** (b) the air inside the balloon was colder now than before it was 
put into the can, 
(c) the air inside the balloon was warmer now than before it was 
pubeinto ‘the *can, 
(d) the rubber squeezed harder against the air. 


9. The most likely reason why the balloon became larger shortly after 
being removed from the can was because: 


(a) it had more room to expand, 
H** (b) air pressure outside of the can was 
less than that inside of the can, 
(c) the temperature of the room was higher 
than in the can, 
(d) None of these. 


10. The best explanation for what happened to the balloon from the 
beéginninp ito twhesend of the filmris that. 


(a) the volume of a balloon can change, 
H** (b) air exerts pressure, 

(c) rubber can stretch or shrink, 

(d) pressure changes witii temperature. 


L* signifies lower category questions in Bloom's Taxonomy. 
H*% signifies higher category questions in Bloom's Taxonomy. 
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NAME , CLASS _ » SCHOOL 
The information which you are asked to give to the two questions 


below may help in understanding how a class learns. Please make your 
choices carefully. Your answers will NOT be seen by anyone else. 


QUESTION 1 


Of all the pupils in this classroom, list the names of 5 people 
whom you would prefer most to have as your friends. 


CHOICE ibe 
Zs 


3% 


QUESTION 2 


If you were the teacher in this classroom, list the names of 
5 people in this room who you feel understand their science 
best. 


CHOICE is 
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APPENDIX D 


LINEAR REGRESSION WEIGHTS 
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